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ABSTRACT

The case of wave propagation in a thick-walled elastic

cylindrical shell subject to dynamically applied internal pressure

is examined for various shell geometries and modes of application

of the internal loading. Shells of both infinite as well as semi-
infinite length are treated. In both cases the loading is
considered to be axisymmetric, The investigation culminates in

the determination of dynamic behavior of the thick shell subject

to a band of constant intensity pressure moving at constant velocity
along the inner surface of the shell, Displacement and strain
components at any point jn the shel) may be evaluated in terms of

dimensionless variables from the computer program presented.
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' pDimensionless ratio = A

Cylindrical coordinates

Radial stress component

Vertical stress component
Tangential stress component
Vexrtical shear stress component
Radial particle velocity co-ponont.:
Vertical particle velocity component
Lame's constants

Time dimension

Material density

andxicu components of the unit normal vecter
to the wave surface

Longitudinal wave velocity
Shear wave velocity
Internal radius

External radius

A+2u
Dimensionless ratio = g—é

Dimensionless time = ?%-

Known quantity at a point 1

Dimensionless time »t - 1

Bracket notation

-Enmuoatthonu‘- value at the froat
£ the wave front of the vave front

Partial differentiation
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Background

Transient motion in solids has been of interest principally in
mechanical, mining, and geophysical engineering. In recent years,
however, stress wave propagation problems are becoming increasingly
important in aeronautical and nuclear engineering in problems
associated with structures under impulsive loading. In the current
study a thick cylindrical shell subjected to impulsive loads applied

At the interior is considered by the application of the method of

characteristics.

It is Xnown that when an elastic body is disturbed by a load

wﬁch is abruptly or gradually applied on a portion of it, elastic
waves propagate through the body with two different velocities which
depend upon elastic prc;pottiol. waves 1nv'olving dihﬁation (or
voluminal change) are usually called dilatation or longitudinal waves

and those involving rotation (or no voluminal change) are called

transverse or shear waves.

In such a boundary value problem as considered in this study
nonplanar elastic waves, like spherically and Ccylindrically expanding
vaves, are propagating through the medium. These nonplanar waves, in
contrast to plane waves, change the shape of the wave £mutu€hq
propagate, thus varying the distridbution of stresses and velocities
of the disturbed particle in the slastic body.




Various Xkinds of wave propagation problems which can Dbe
represented in terms of a set of partial differential equations have
been studied previously using different approaches such as the
integral transform method, the finite element method, and the method
of characteristics which is relevant to this study. When the theory
of characteristics is applied to elastic wave propagation problems it
involves the solution of a system of first-order partial differential
equations which governs the deformation in the dynamic field. It is
more advantageous to apply the method of characteristics rather than
the integral transform method to solve complex boundary value
problems, since those first—-order partial differential equations

involve stresses and particles as dependent variables.

differential equations which involves more than two independent
variables certain integral or solution surfaces may exist in the
solution space. The integral surfaces consist of what are called the
characteristics (or the characteristic curves or waves), and the
relations governing the dependent variables along these

characteristics will be called characteristic equations.

If only discontinuities in the first partial derivatives of
continuous dependent variables on the wave fronts are assumed, the
characteristic equations can be derived Dby the employment ' of
Badamard’'s kinematical discontinuity relations(1949)(so called “"weak"
discontinuity relations). In their work on cylindrical and spherical
wave propagation by the method of characteristics{¢]), Chou and Xoenig

In solving a problem expressed in terms of a system of partial
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determined the distribution of stresses behind the wave fronts of the

one-dimensional case wvheze the load is abruptly applied. Their
computational procedure is that they firxst derive the characterxistic
equations compatible along the leading wave front by the employment
of the weak discontinuity relations and then evaluate the solution
domain behind the wave front by numerical stepwise integration of the
characteristic equations. Their mathod, however, is restricted to

one dimensional problems.

Hadamard‘'s work was successfully extended by T.Y. Thomas{2] to
kinematical discontinuity relations across a .wave front where the
dependent variables themselves are discontinuous (so called "strong”
discontinuity relations). Subsquently these strong discontinuity
relations provided the capability for solving impulsive loading
problems of two~dimensional cases by the method of characteristics.
Recently in a series of his works[3][4][5](6], M. Ziv successfully
applied the theory of characteristics to two-dimensional wave
propagation problems whexre the load is applied abruptly to the
boundary. In this case the discontinuity of the dependent variables
will occur on the wave front. A computational method with a computer
code was presented in his work(6] for the transient motion of a
half-space subject to an i.-puhivo‘ load applied radially and
uniformly at the boundary of a cylindrical cavity, and his work is
extended in the present study to the case of stress propagation in a
thick cylindrical shell due to intermal mt.zic Imlptv.

loading.

i o




The computational procedurxe for solving an impulsive loading

problem of the two-dimensional case by the method of caracteristics

can be roughly divided into three stages as follows:

rrmmaan.

‘ 1. chaxacteristic Formulation .
Combining Newton's laws of motion with the elastic rxelations
obtained from Hooke's law gives us a system of first-order Lo
' partial differential equations involving the variables of l
‘ stresses and particle velocities, and after certain
95' " mathematical procedures involving the application of weak l
! discontinuity relations we obtuﬁ a system of characteristic

!
| equations along the characteristics. : l
i
|

: 2. Applicatiocn of Stxong Discoutinuity relations
| Strong discontinuity relations are superimposed on the
; characteristic equations obtained in the previous stage.

Then, we can compute the decay of the stresses along the . l '

wvave front.

3. Mumazical Intagration
T™he solution domain behind the wave front is divided into a

grid system by the characteristics along which the

——— b

characteristic equations expressed in finite difference form

will be integrated in a stepwise manner.




An incident longitudinal wave generated by an abruptly applied

load will emanate from the inner surface of the tube through the

nedium and after some time elapses it strikes the outer free suxface.

Thus we must consider a reflection of waves from the outer free
surface as well as from the free top surface (of all four cases to be 3
congsidered only in CASE 1 does a free top surface exists). 8$ince all
action is linear elastic we can apply the principle of superposition

to the interacted region of incident and reflected waves.

If an incident lqnqitudiml wave strikes a free surface
nom:l.ly, it is totally reflected with a 180° change in phase, namely
a compression wave will be reflected as a tensile wave and vice
versa. It should be noted here that near a free surface where an
incident compression wave was reflected and transformed into a
tensile wave spectacular fracture caused Dby so called
"spalling”(7){p203) may occur. Spalling occurs when a high intensity
compressive wave reflects at a free surface and will play a main role
in fracture of structures such as thick cylindrical concrete lhon’
under impulsive loading. Purthermore it is a fact that aftexr
reflection at the outer free surface incident spherical and
Cylindrical waves change the nature of divergent waves into that of .
convergent waves, namely the intensity of the reflected tonsi.io wave
will increase as it propagates towards the inner surface. Therefore

it is likely that spalling might occur not only near the outer free

surface but also in the region far from the reflected surface.




Rxesant _Boundaxy Valus Problems

Before presenting the characteristic formulation the boundary

value problems to be considered are discussed here in detail. 7%Two

basic structures are shown in Pigure 1 and Pigure 2 vhile we consider

four cases of loading and geometry as follows:

CASE 1
A semi-infinitely long thick cylindrical shell subjected to
a uniformly and radially applied impulsive load on the

entire inner surface of the shell.

CASE 2
An infinitely 1long thick cylindrical shell subjected to a
uniformly and radially applied impulsive load along the

semi-infinite length of the intexior (from z=0 tO z=+QD).

CASE 3
The same shell as CASE 2 subjected to a uniformly and
radially applied impulsive load along the finite length of

the interior (from z=—a to z=+a).

CASE 4

The same shell with the same intial conditions as Cask 3,
however, the load of finite length is travelling with a
constant speed in the direction of the Z-axis.
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Loading in CASE 1 and CASE 2 is axisymmetric and is given 4in
terms of a step radial-stress input which is an abruptly applied
pexmansnt constant load. We also will considexr the case of a
rectangular input which is equivalent to a case involving a loading
and unloading process. The rectangular input case which is essential
to calculate the travelling-load case (CASE 4) can be evaluated by

means of the superposition of two step-input cases.




Basic Dynanic risld EKgquations

The basic dynamic field equations governing the deformation in
the solid itu from combining the equations of motion with the

equations of the stress-strain relationships. The equations of

} motion for 1linear elastic, isotropic, homogensous material in
cylindrical coordinates are written as:

30 a0 au
n' rs
Ty " e ~%00""" 30

o %0, _ O
- rs, a8 13 _”E.'
a I n

and the equations of the stress-strain relationships

differentiation with respect to time are given as:

ac U, U, W,
-(&-03..)—01(--0--5—)

! ac 30 U 30
' i ) e
3t -(HZM)-—N( r"ar)

: 20, U, W, W,
L —Q-unu)-u(ﬁ}'\—-)

; [i 20, 3“ 3“
: : 2t 'v(-—*ﬁ-b

These symbols are defined in the nomenclature for the gecmetry shown
in Pigure 1 and Pigure 2.
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Shaxactaxistic Zguations

T™he derivation of the characteristic equations from the above
dynamic field equations was presented in detail dy %iv in
references[3])(5]. The general orthogonal schems forx the
characteristic formulation(6), however, is zepeated here for

convenience.

When stress waves propagate in the r,z,t space, they form cones
as shown in Pigure 3 and the cones consist of, or are characterized
by, the infinite number of the characteristics whose origin is the
apex of the cone. In our scheme, however, we consider oaly four
characteristic cuxves vwhich are formed by the intersection of the
surface of the cone with two planes passing through the .t-llil.
These planes intersect orthogonally with each other at the t-axis and
each plane has two intersection lines with the cone to form ¢two
characteristic curves (or 1lines). We define these orthogonal
characteristic curves as bicharacteristic curves or the

bicharacteristics.

The characteristic equations governing the variation ot. stresses
and particle velocities along the bicharacteristic curves are reduoed
by the orthogonal scheme, in which the bicharacteristic curves are
separated by 90° from each othex. These characteristic equations
along the integration paths shown in Pigure 4 are written as loum

according to reference(6):
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The Jast six equations are for the static line dr=dz=0., These

equations apparently form a system of fourteen simultaneous equations
ith b= o sz rs

gc the fouxgaon gaknogg: cn_.w:eeo gy’ Vpg’ Ox ¢+ 8+ 3T
% Uro U" Eo 'ﬁo ‘a-r-' and i-

For convenience, dimensionless variables are now introduced as

follows:
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Rewziting the fourteen characteristic equations in texms of the
dimensionless variables after the bars have been removed
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along dr=4dz=0,
9
ac, _(ur“‘a_ti,. unar (12)
60 ' r
along dxrw=dzx=0,
20 90, Opn=0.
IT, X8 T
dUr-( fi—‘b-a—"‘ — )¥az (13)
along dr=4g=0,
90, o [- 4
rs sz rs
W,;~3x *3 * T N (14)

In order to investigate the Dbehavior of the shell at a
point(z,z,7) Dby the finite difference technique these characteristic
equations are expressed in the finite difference form. letting £ Dbe
any variable of the equation, 4f can be written as dt-t-ti vhere ‘1
denot»s the known variable at the point i and £ denotes the unknown
variable at the point(r,z,v). If we take £ho first characteristic
equation along dr=dx we obtain two equations as follows:
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After adding these two equations, dividing by 2 , and gathering the

unknown texms on the left hand side we finally come up with
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Likewise the chuncto:utic equations (2) through (14) axe
transformed and written in accordance with refexrence(6):
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At this stage the applicability of the above characteristic
equations is confined to the case where the dependent variables ’rr'
Ogo’ Tpq Tpg’ Ups 20 U, are continuous while their first partial
derivatives may be discontinuous aczoss the wave front. In the
present boundary value problems, however, the load is abruptly
applied at the boundary. Therefore discontinuities in the dependent
variables themselves exist across the bicharacteristic curves.
Purthermore the discontinuities may occur not only due to the
impulsive load but also due to the reflections fxom the boundaries.
This wmweans that strong discontinuities must be considered for the
reflected region even if the load is applied gradually. In the next
section the strong discontinuity relations will be applied to the
characteristic equations to be compatible with the stxrong motion of

the present boundary value problems.

Stxong Discontinuity Ralations

If strong discontinuities which mean the discontinuities in the
dependent variables themselves exist along the bicharacteristic
curxves, strong d4iscontinuity relations must De imposed on the
characteristic equations along the discontinuities. Obur;r:lng the
characteristic equations (1) through (14) it is u§n that every
equation apparently involves partial derivatives of the dependent
variadbles which are not differentiable along the bicharacteristic

cuzrves carrying discontinuities.
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Now we assume that all characteristic equations except the

static equations (9) through (14) would be along the bicharacteristic

curves which arxe carrying discontinuities. Accordingly in oxdex to
superimpose strong discontinuity relations the characteristic
equations (1) (8) should be first rewitten using the well known

bracket notation as follows:

(v} (ogal-10 )
- Xy ) T
d[crn_]-d[U,J (e([U“z]‘* T ) [a'n;z]+ —_— }ar (1a)
along dredr,
R (-SR-S
- r -8
Ao 1HLOLI=(a [Ty )+ Moy, 1= 2T (2a)
along dr=-dr,
[O‘nl
d[cer-M[U,]-B(ﬂ[Uru]-[au;z]- < »)d‘t (3a)
along 4r=pac,
(o, _
. dtcn]ﬂd[UzJ'B(B[Ur;z]'*td'zz;z]*' < )ar (4a)
along dr=-pdz,
(Url 19,1
dtcul-dwzl-(c([tlr;r]*- —r')—tcrz;r]_ < - (5a)
along dze=4r,
tUrl tcn)
4(0’"]'*4[051'(0( wr;r]*_r )+[a’rz;r]+ + j&r (6a)
along dg=-4rt,
(Tap)-10 ]
- - - 06 rr
along dze=pdv,
(Oppl~-tlo,..]
- - o8
00,y I4RALTLIMBIT,  14l0,, 1o 2T ) (sa)
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(£)=f | The value of £ -~ £ The value of £
at the rear of at the front of
the wave front the wave front

3 = Partial differentiation.

The strong discontinuity =zrelations to the relevant case are
_ derived by Ziv by means of the Xkinematical compatibility relations
given in reference{2] Dby Thomas. Those strong discontinuity

relations are presented in reference{6] as follows: :

0 } i

- - r
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where the subscripts refer to the corresponding characteristic

equations.

Substituting these relations (1S) (24) into the corresponding

equations (la) (%a) gives us

dr

alo, 1-d(0p)=(2a[0, 1-2(a _ J4(oge1+l0,, NS (1b)
alo, 144[U,]=(20(0,42(0_ I-[Caq)l0,, NS (2v)
alo,, 1-8a10, )="B(BLT, 43l T (3)
&
alo_,1+84LT, 1=8(~B(U, +3(0,, VT ' (4)
JIU] (c_1-to_) (o ]
- _ 2z T _ T2
dlo, 1-4(0,] (c(—1+ T ELF - im (sd)
dr
alg, 14410, )=(a(0 )+ (a, T (e)
[Url 210 l (Oggl- [0 ]
ato, 1-sa(u,les-p £ - —TE o BT e (75)
&
dlo_,1+84L0,1=8 [o__ I-[og, )T (o)
or in the finite difference form
!
<1+Bl>[c Jnltceel-:—;tc J-(1#9 )T )=(A, ] (2¢)
5 B
--)(c 1452 [o'eel*-ﬁlc LJHI=9ST 1A ] (2¢)
(1+3352;)[c"}-l<1—92-2_)[02]-[1\3] ~ (30)
B
(1—33-‘!)(c ]4-3(14-33—"‘)[03]-[51 (4c)

e z)to'rr] { +Ti-))tc J-c.ﬁtu J-u+(—i)tv )+ gtc 1=(A)(8<)
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CHAPTER III

COMPUTATIONAL METHOD FOR CASE 1

Chaxacteristic Equations along Strong Discontinuity

The discussion in reference(6] on the behavior of wvaves and
their discontinuities must hold for CASE 1 as long as the incident
wave front does not reach the outer free surface of the shell, since
the initial and boundary conditions in the present case are exactly
same as those in [6]. Therefore the characteristic equations
(1d),(2b),(3b),(Sb), and (6b) should be employed for the ¢two
dimensional region in which every grid point of integration mesh has
strong nature of discontinuity in dependent variables due to the
impulsive load and the reflected waves from the top free surface. In
other words those five bicharacteristic curves which construct the
orthogonal integration mesh in the two dimensional region carry
strong discontinuities so that we should employ the charxacteristic
eguations (1b),(2b),(3b),(5b), and (6b) instead of (1),(2).(3),(S),
and (6). The characteristic equations (1c) (6¢c) and static equations

(9),(10), and (12) are rewritten in matrix form as follows after the

bracket notation has been removed:
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It 1is worthwhile to note here that the bracketed valus of the
dependent variables in (1b),(2b),(3b),(5b), and (6d) represent
"Jumps” across the corresponding bicharacteristic curves carrying
strong discontinuities so that the jumps are equivalent to the values
of the dependent variables which are discontinuous across the
bicharacteristics. However there are no iJjumps of the dependent
variables in the static equation (9), (10), and (12) since the
dependent variables are continucus across the bicharacteristics
dr=dz=0, It can be noted that the static equations (9) through (12)
are merely a restatement of the constitutive equations in the basic

field equations.

It is known that in reflections of spherical longitudinal waves
at the boundary both longitudinal and shear waves are generated as
reflected waves{6)(P158)., Therefors in CASE 1 after the reflection
at the outer free surface we must consider not only reflected
longitudinal waves but also reflected shear waves which emanate from
the outer surface into the two-dimentional region. These reflected
shear waves are characterized by the bicharacteristic curxve dre-pdr,

Accordingly we should employ the characteristic equation (4c) and




superimpose it on Matrix 2. The characteristic eguation (4c) i»

superimposed on (3¢c) to obtain

3
(2425853 )} (0, 14 5B, +B, )T, 1= (A ) (3¢°)
whexe

(=002 F0to, 1-K 1+ 300, 1) 41010 By ta 1oma-BDrio, 1), .

Ragiona of Influance and Tvpical Raccuxxing Roints

A region in the solution domain where all points are under the
same type of wmotion is defined here as a region of influence. 1In
other woxds all points of each region of influence are affected Dy
the same Dboundary and initial conditions which induce the same type
of particle motion in the region. All points in each region of
influence are categorized into three groups which are doum.d as

follows:

1. Iaading Roints
Points that are located on a leading wave front and do not

comply with the orthogonal scheme.

2. Inte i ints

Points that have an immediate contact with one or more
leading points via their bicharacteristic curves and require

a special orthogonal mesh configulation.




3. Regular Points
Points that comply with the perfect osymmetric mesh

configulation.

Pour regions of influence and twenty four recurring points in
the entire solution domain are shown in Pigure 5. Before the leading
wave reflects at the outer surface the solution domain is divided
into two reglons of influence in accordance with the case of
reference(§]). On> is a one-dimensional region r,r, influenced by the
loaded Dboundary and the other is a two-dimensional region r.x,t.
influenced by the f:ee top surface as well as by the loaded boundarxy.
After the reflection of the 1leading wave from the outer surface,
however, the entire domain is divided into four regions of influence.
In addition to the two previous regions of influence we must add two
reflected regions which are influenced by the outer boundary. One is
a reflected one-dimensional region r,r, influenced not only by the
loaded boundary but also by the outer boundary. The other is a
reflected two-dimensional region r,z,¥, influenced by the outer

boundary as well as the loaded boundary and the top surface.

Accordingly all points in each region of influence are
categorized into three groups previously defined with respect to
their computational schemes. Therefore twenty four recurring points
a through p in the solution dowain can be defined as shown in Pigure

5. All recurring points are categorized into the three groups in the

following way: Points a, a', b, c, ¢', 4, e, @', £, n and p Delong to




2

yegular points, points g, g'. i, 1', J, k, k', and m Delong to the
leading points and points h,h',.{, {*, and o Delong to the intermediary
points.

In the next section the boundary and initial conditions will ix
prescridbed and the computational scheme of integration f»- ea~™
recurring point will be discussed in addition to the derivation ..
the decays of the leading waves in tezms of the closed-foru

solutions.

Computational Scheme for Each Recurxing Point

The recurring points were .‘donmd with respect to the region of
influence, the group of points, and the boundary conditions.
Subsquently we must detect twenty four recurring points to determine
the dependent variables in the entire solution domain. Once the
neighborhood of the leading wave which implies the intermediary

points as well as the leading points is determined, we can apply the

perfect symmetric scheme to the rest of the solution domain, unco.

all points rxemaining are regular points which comply with the perfect

sysmatric mesh.

The following dimensionless values of the boundary conditions
are prescribed when both the intensity of cn-input and the inner

radius of the shell arxe considered to be unity.

The boundary conditions for the loaded boundary (r,2>0,%) are

bomad bt
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given as an_-x and o u-o. The initial conditions for the loaded
boundary are given as Up~1 due to “’r’"t"n-) the d4ynamical
conditions of discontinuities across a wvave front(8)(P140),

U, =30, /520, c'ee-o“-oonduo to static equations (9),.(10).(12), and
3Uy/er=0.5 due to the known decay expression for a one-dimensional

cylindrical leading wave.

The boundary conditions for point (R,0,t) are given as cu-.l. and
au-cn-o. The initial conditions for the corner point are given as

| Up==1, Ogg~ad... 23U /22=0 and 30U, /ar=0.5.

T™he doundary conditions for points (R<r<Ro,0,%) on the free top

surface are given as °n'°rs'°'

The boundary conditions for points (Ro,2>0,t) on the outer £ree

suxface are given as o n_-o'n-o.

All particles in the shell except for ehou on the loaded

boundary are considered to be at rest at =0.

Stresses and particle velocities at the typical recurring points

4 through p are evaluated in the following way:

a. BRagular Innsr Two-Dipansional Points A(K.Z.2)
These points comply with the perfect symmstric mesh
| configulation referring to Matrix 2.
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(3¢) in Matrix 2 with (3¢') due to reflected

After replacing

shear waves from the outer surface, Matrix 2 decomes
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b. Regular Loaded Boundary Two-Dimensional Points b(R,2>0,t)

In ordexr to meet the boundary conditions cn-l and c“
Matrix 2 becomes
; r— T T T T [ ’j
{ B B, ! B, ! { ’ ! 2,
5 2.:3_ é% 1-a-2 O olo CW :le-(l-;)
,' 3 B! aB : B,
—_— . . ]~ (A )+ — 2

° ramew °:§- o T , ° 8| 5 XAewm
I B o |
L c 1 -02-: 1 0 0. Uy | CAg]
— —- o = -
’ 2 % %
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¢. Bagular Free ToD Boundary Points G(R<X<Ro.0,%)
After applying the boundary conditions c“- c“-o Matrix 2

becomes
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n 5 h e
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c'. Reflected Regular Free Top Boundary Points ¢'(R<r<Ro,0.t)
We apply the same boundary conditions as the points ¢ to
Matrix 3 to obtain .;
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Y | | |
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When cn-l, c“- cu-o. Matrix 2 becomes
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e. Regular Inner One-Dimensional Points e(rx,t)

Since these points are 1located in the region of weak
one~dimensional motion, the matrix for these points is cbtained from

Matrix 1 as follows:

l*;—‘i -:—lr 0 -1-02—1{ 0 Opr }FAI
: - ;
]'1-2-5 ; ° “Z—f'; ° %8 ' Ay |
k : , -
0 ‘0{1;-.:.2{_,229; ’l"r!: Al;




£. Ragular Ioaded Boundary Ons-Dimensional Points L£(R.2)

To be compatible with the boundary conditions o__ =1, ei'-o

Matrix 8 becomes

r

B B I t L B,
2 2 . -(l-==
g0 v | O BRC A
. s et
] B B 1 Il :
ol ol -a2 -g - S T Y Y |
2r =, 9
R R R
01 -cig b A e I i Ao
i B B, | | |
: - -ad ==
1io0l x| Y| | = L‘n
i e e e e teed
Matrix 9

g. Leading Inner one-Dimensional Points g(R+z.3)

The gecmetric decay of the incident leading wave in the medium

can be obtained in a closed-form solution.

It is a cylindxical

longitudinal wave front carrying strong discontinuities. The wave

front appears as a line in the r-z plane, this implies that the decay

is a function of the independent variable r only.

characteristic equation(la) along dr=4: is reduced to

Ao, 1-410, 1= (al0 1+ {ogg)-to_ 1.

Prom the equations (2a) as 4dr=0 or from the dynamical conditions for

discontinuities across a wave surface(8)](pl4l) we obtain

(Op)=-(c,.]

and also the static equations (9), (10), and (12) give us the

Therefoxre the

an—
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following expression:

!
A
[°ee]'[°n]'°[°n-] .
Substituting these relations into the former equation gives us (with !
dv=dr) the well-known expression

dto_) -4 4

.1
2

When the initial condition g_ =1 is applied K becomes unity. Pinally ;

we can summarize the quantities of leading one—dimensional points

[ g(R+v,z ) as follows:

%ex™F ¢ %e™ Opp' 93z %rg™0- .

n rr ‘ r
ay -4y |
Up=—0_, U,=0, I=0.5r and _3=0.
o 3¢

g'. BRaflected Leading Innexr One-Dimensional Points g'(RosR+3.3)

This is a cylindrical longitudinal tensile wave which Propagates
via the bicharacteristic curve dr=—dt. Therefore we employ the
characteristic equation (2a). Since the stresses are irrespective of

the z-coordinate the equation (2a) becomes

alo, 1440 ]=(a (0, ][0, 1+Lo_ DX,

as dt=0 in (la) we obtain

(e, 1=(C,) ¥

and from the static equations (9), (10), and (12)
(0gg1=[0,,1=0lo_].
Using these relations (with dr=-dr) we finally come up with the
reverse decay expression as follow:
dto__1}
I dr -
--%? or [cn_]-xz *

(Orrl
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This expression is same as that of the incident wave, but we should
notice that the value of r decresaces as the reflected wave propagates
towards the inner surface. Theis implies that after the reflection
at the outer surface the incident divergent wave turns to the

reflected convergent wave.

h. and h' Intermediaxy one-Dimensional Roints

- X ’ o~

Although Matrix 8 is valid for points h and h°, ‘2

replaced by At/2 for h and B should be replaced by At/2 for h'. B

should be

1
for both hand h' is replaced by acx.

i. leading Fres Top Suxface Points i(R+:.0,T)

These leading points axe sheared by the incident wave and all
longitudinal apherical waves reflected from the free top surface.
M waves on the points i are characterized by the bicharacteristic
curve dre=dz. Therefore we use the characteristic equation (1b) and

by equations (2b), (9), and (12) as dr=0, we have [ur]-[o ] and

b
- - - 4ar
[ceol o{6..]. and (1b) Dbecomes 24(o, ) ((2+¢)[qrr] [q“]);. But
the boundary condition is [azz]-o, thus the decay is given by
dto._) . -(1+3)
—— me( =) or (0 _J=x ’
(cn,l 2 T
and in susmary
‘(1’;) -*
Opx=t o’ %90~ %rr’ Irs™0" Up= Oy  Ggmor
aur a -(2*-) JU
Z=(1+3)r 2, ana _zeo.
o E™

The particles at points i are subject to the compressive stress




component Oee which refers to the inner leading one-dimensional
points g. Since [au]-tuz] (from (6Db) as dr=0), U; at points i is

equal to a’m-cn, max .,

i'. Reflected Leading Free Top Surface Points i'(Roc<Rét,t)

The reflected leading wave front is propagating towards the
inner surxface via the bicharacteristic curve drs—dzx. We substitute
[ur]-[qrr] and [q“]-c[on] that coms from (1b), (9), and (12) as

dr=0 into the characteristic equation (2d) to obtain

dr
zd[an]-((z'bc)[an]-[a"])-f. But the free suface condition leads us

to (with dr=-4r)
a
dto_) =(1+3)

23 a dxr
@"(1+2)r orx [O’n] } 4 ’

and in summary
a
- 102) -i

(- S B ] O’ee'ﬁqrr. [+ 3 .0, . 4} -Grr, U’-Gt P

b~ 5 a 23
~(2+3) 3 -
a'-’-m%): 2, ana Uﬂ-o.sc: i.

The particles at points i’ axre subjected to the tensile stress

component a'" which refers to the 1reflected inner leading

one~dimensional points g'. Since ["ul'—[uz] (fxom (6b) as dx=0),

U at points {' becomes o

arx 4,
“"'-Un‘ +=ar

J. leading Two-Dimenaional lLoaded Boundaxy Points 3(R.3.3)
We can refer to Reference(6] for the calculation of these

points. The dependent variables are integrated by the following

matrix:
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Matrix 10
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These points are not cowpatible with the orthogonal scheme for
the characteristic equations., ©Points X, however, lie on the
reflected spherical wave which passes through two known points so
that we can apply a linear interpolation Dbetween these two points
which are known from previous calculations. One of the known points
is a point i and the other is possibly a point {. If the latter
point does not coincide with a point { and appears between two

points, another interpolation between the two [ points is
necessary. All calculations of these interpolations are carried out

in the same manner as in refexence(6].

According to Piure 6 we can apply a similar interpolation scheme

[res——n
.- .

pars
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to evaluate stresses and particle velocities at these points x'. Two

known points from which a point k' is calculated by interpolation
exist in the v-constant plane. One is a point i' and the other is
possibly a point {'. If the latter point does not coincide with a
point £ which is a known grid point of integration, it is calculated

by another interpolation that can refer to (6].

¢. Intermediary Two-Dimensional Pointa f(x B+z-x.x)

These points are located on the reflected logitudinal cones and
directly on the integration grid points. But these points do not
comply with the orthogonal mesh configulation, since the
bicharacteristic curves drawn from one of these points must texminate
on the preceding reflected longitudinal cone (r-aArt,0,r-R+At). It
should be noted that every reflected longitudinal wave generated by
the incident wave on its free top surface carries new strong
discontinuities. Accordingly the integration paths must Dbe drawn
from the preceding reflected cone other than ordinary grid points.
The quantities at points are evaluated by Matrix 2. The details of

the calculations for Bi and [Ail are presented in reference(6].

Although the similar calculation scheme for B; and [Ail can Dbe

applied to these reflected points, the governing matrix is Matrix 3

due to the reflected shear wave,




After applying the boundary conditions -]

becomes
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Matrix 11

The evaluations of '1 and [Ail at these points m and o can be

done Dby the same methods as those for the points

respectively.

n. Regular Quter Corner Point n(Ro,0,t)

When o
e

=g "0 Matrix 2 becomes
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COMPUTATIONAL METHODS FOR CASE 2, CASE 3 AND CASE4

The geometry and_ the loading for CASE 2 are shown in Pigure 1 and
discussed in detail in Chapter 1I. The shell considered here is
infinitely 1long and then it is obvious that the shell does not have a
free top surface at 2=0 which in CASE 1 generates reflected
two-dimensional longitudinal waves. Howeaver all discussion in CASE 1 on
the characteristic formuration and the computational method except on
the application of the Dboundary conditions must hold for CASE 2. 1In
other words we can assume that spherical longitudinal waves reflect from
the plane 2z=0, accordingly the characteristic formuration and all
computational procedures in CASE 1 are valid for CASE 2 with the
exception of the application of the following conditions at the plane

z=0.

The following boundary .conditions are prescrided when both the
intensity of © n_-input and the inner radius of the shell are considered

to be unity.

The boundary conditions for point (R,0,t) are given as cn_-l and

c"-o. The initial conditions for point (R,0,0) are given as Ur-.l,

.q o - o X1t
669 c“ con_. and oU’/BS = v r/ar--,l. as will be shown later.




N aviben -
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The boundary conditions for points (R,2<0,2) are on_-c'n-o. The

initial conditions for those points are ¢ -c“-ur-oz-o. ‘ *

. The boundary and initial conditions for loaded boundary points
h (R,2>0) and outer surface points (Ro,~00¢2¢+00) are the same as those in

CASE 1.

Recurxing Pointa in CASE 2

Pigure 6 shows the four regions of influence and twenty five i
recurring points in the r-z plane. The quantities at all recurring i

points except points ¢, d, i, i', n, and g can be evaluated by the same .-

procedure as in CASE 1. The quantities at the recurring points where we

-

can not apply the same computational method as in CASE 1 are computed in

PN

the following way:

e

When orr- cn-o Matrix 2 becomes
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i. Isading Two-Dimensional Incident Points i(R+3,0.%)
The leading wave front at points i carries strong discontinuities
via the bicharacteristic curve dr=dr. Therefore we employ the
characteristic equation (1b) :
dz i
4l0,, 140, )= (2a(U, ]-2(0, J+[001+(a, 1) S
substituting the dynamical condition for wave surface [ofr]-tnr] (or
from (2b) as dt=0) to obtain
D l‘ dz
dlo, J=~(a+1)(o, J+5([a9)+0,, 115,
and from the static equations (9), (10), and (12), [066]-[022]-°[°ir]'

We finally come up with (as dr=dr)

dlo_ ) -
by o d -1 .
T T " (oI -
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Since cn,-l at (R,0,0) K 1s taken to be unity. This is the well-known

expression for the geometric decay of the spherical incident leading

‘wWave., All quantities for points i are obtained as the following

closed-form solution:
1

- a a
Oer™% " 999" rr’ T2 ¢y i
3Ur -2 a aUz
O, _=0, U _=~0 U, =-0 __Tar <, ana _Z%=0,
rz ' r ‘rr’ % zz’' g )

i, ] 1 Leadi Two=Di . ] I i (Ro<R 0.5
The reflected leading wave propagates along the bicharacteristic
curve dr=-Aar. Therefore we take the characteristic ejuation (2b) to

determine the decay of the reflected spherical wave,

dz
dlcrr]"'d[url'(2°[Ur]+2[°rr]-[cee]-[°’zz]) T

Prom (1b) as dt=0 we have [cn.]-[Ur] and from the static equations
aee-au-aarr. We substitute these relations into (2b) to obtain (as
dr=—dar)

dlcn_]--_ or (o ]-xr-l

(o..) T rr

This reverse decay expression implies the convergent spherical wave. 1In

summary the closed-form solutions are as follows:

o =a ac_,
rr™F 990"y’ T3z~ %%rr

U, - :
o

r
°rz.°' o b of uZ-azz' ?r_-r

-
T

n. Ragular Innex Surface Points n(Q,-3<2¢0.3)

When a'n.- Gn-o Matrix 2 becomes

PR A T N TV
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q. Leading Innex-Surface Pointg dq(R,-3I.3)

If the boundary conditions for points j are set to the same value
as those for points q, the closed-form solution of %%z for points j is
equal to that for points q. It follows that in order to calculate the
decay of czz at points q we can employ the characteristic equation (Sb)
along the bicharacteristic curve dz=d which characterizes the leading
spherical wave front at points § under the Dboundary conditions
c__ =g _=0, The characteristic equation (5b) with crn-c'rz-o is written

T rz
as

alo,, 1-4L0,)=(al0,]-[0, 1EE.

From the dynamical condition or (6b) as dr=0 we have [a" z]---[IJ’;]. then

the equation becomes

-— de
26[0"1 (lﬂ)[o"]m,

)

e [y
.

iy




as dr=dz we obtain

Lo

dloyy! 140 dz -

2
m =5 @ or [ozz]-x(lu-z) .

Since °hz'° at (R,g.o) and if R=l, K becomes a. It follows that
+a

- 2
[azz] a(1+2) .
Pinally the quantities for points q are obtained as the following

closed—-form solution:

_1lra
=0, Gy =a(ltiz1) O, Gpom,., 3+
o U v aU’"-o a V. wtiva) 1+ Sz
rz O, r O, z-a'zz, _a_r_ I} an 3-z— T‘( z) .

Superxposition of Shifted Loads for CASE 3

Our aim here is to obtain the transient stress distribution in an
infinitely long thick cylindrical shell subject to an impulsive constant
load of finite length. It is obtained by applying the principle of

superposition since all action is linear elastic.

¥e now consider two ca;es of loading that can be readily obtaind
from the previous calculation for CASE 2. One of those loading cases
is, as shown in Pigure 6, that its semi-infinite load along the inner
surface shifts upwards(in the negative direction of z) by a half of the
load width. The other is that the semi-infinite load shifts downwards
also by a half of the load width and the load is applied in the reverss
direction, namely the input stress is changed to tensile stress while

the stress intensity remains unity (o n_-—l). After the superposition we

obtain the stress distribution for a case of a finite-width load whose




center line lies on the r-axis. 1In the practical computation, however,
we have to shift the load of the latter case one grid point lower than a

half of the load width as shown in Pigure 6.

Consecutive superposition Scheme for CASE 4

Up to here we considered only step constant input shown in
Pigure 8(a) for CASE 1, CASE 2, and CASE 3. However, in order to obtain
a stress distribution of the travelling lcad case(CASE 4) rectangular
inputs which have various duration of loading time must be considered.
A rectangular crr input can be obtained by superimposing a negative unit
step input whose striking time is shifted to r on a unit step input as
shown in Pigure 8. Once a stress Adistridbution of case 3 due to a
rectangular input load which has certain duration of loading {is
obtained, we can compute the stress distribution of the traveiling load
case by means of the consecutive superposition of the previous result.
The speed of the travelling load can be controlled by the duration of

loading time in CASE 3.

In view of Pigure 9 it is seen that a load of finite length is
applied at =0 as shown in (a) and then at tm=t, the load is removed,
however at the same time another load which is shifted downwards by one
grid point distance is applied and again at t=ty, the load is removed
when another shifted 1load is applied. This process is repeated until
the incident wave due to‘tho first lo;ding reaches the inner suxface

after reflecting at the ocuter surface. The stress distribution at t= *a

o

Pramtnnc-

I“!-,
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is obtained by superimposing the stresses due to the first loading at

t=t, on the stresses due to the second load applied at t=r,. Thus vhat
we obtained by superposition is an accumulated stress distribution due
to many rectangular input loads that account for a travelling load of

finite length.




Computar Drograns

The transient motion in a thick shell was obtained with aid of
CDC CYBER computer. Pive separate programs are utilized to obtain
the stress distridbution of the present boundary value problems. The
first and second programs, TRES1l and TRES2 are an extension of the
coputer code CHAR2DZ developed by M. Ziv(6]. Next three programs,
RECTINP, TRES3, and TRES4 were developed during the couse of this
work to culminate the computation of the transient motion in a thick
shell subject to an impulsive travelling load of finite length on the
interior. Also another program PLOTALL is utilized to plot the time
history of the stresses and the particle velocities which are
computed by the above five programs. These programs are written in

PFORTRAN IV language.

The program TRES1 determines the stress distribution of CASE 1
in which the load is applied as a step input, so the duration of
loading is permanent. The output of TRES1 stored on TAPELl can be

plotted on the CAILCOMP plotting machine by using the program PLOTALL.

The second program TRESZ is used to determine the stress
distribution of CASE 2 in which tha duration of loading is permanent.
The output is stored on TAPES which will be retrieved separately by

the programs, RECTINP, TRES3, and PLOTALL for their computation and




plotting purposes. RECTINP is a program to compute various cases of
a rectangular input load for CASE 2. This program retrieves TAPES

and stores its output on TAPRS.

The program TRES3 carry out the calculation of the superposition
scheme for CASE 3. This program retrieves TAPES obtained by TRESZ or
RECTINP. Since the program RECTINP stores its output on TAPE6,
before attempting to run TRES3 of a rectangular input loading case
TAPE6 should be renamed as TAPES which is compatible with the format

in TRES3.

The last program TRES4 determines the stress distribution of a
travelling load case (CASE 4). TAPEL1O obtained by TRES3 is retrieved

by TRES4 which will store the output on TAPE1S.

All program listings arxe presented in Appendix A-Fr.

Nine groups of plots were obtaind as shown in Pigures 10-63
which represent the time history of the stresses and particle
velocities for all cases. The following data common to all cases are
prescribed during the computation: inner radius of the shell R#R=1.00,
outer radius Ro=1.30, Poisson's ratio VU=0.15, intensity of input
au-:l..o, step size of integration Ar=0.02, and number of time steps

is 30.
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™he first group of plots shows the time history of the stresses
and the particle velocities of CASE 1 at six detected points.
Cbserving Pigure 14 one can see that three jumps occur during the
entire time of record. Those jumps are due to the arrivals of the
incident longitudinal wave, the first refrected longitudinal wave
from (1.0,0,0), and the refrected wave from the outer surface in the

orxder of arxival time.

The next three groups of plots Pigure 16 through 33 show the
time history of the stresses and the particle velocities of CASE 2.
Three cases of the duration of loading are computed for CASE 2, that
are 0.04, 0.08, and permanent cases. It should be noticed that in
Figure 23 or 29 of the rectangular input cases a high tensile stress
wave which is due to the reflected logitudinal wave from the outerxr
free surface passes through the points located around the half way of
width of the shell. If the duration of loading is permanent a
reflected tensile stress wave will be cancelled by a compression wave

issued from the loaded boundary.

The next three groups <f plots are recorded for CASE 3 and the
last two groups of plots are obtained for CASE 4 in which speeds of
the travelling load are 0.5 and 1.0. Observing Pigure 52 through 63
one can see that in those plots many jumps in the stresses and the
particle velocities occur during the entire time of record. This is
because that many discontinuocus wave fronts due to the loading and

unloading process exist in the solution domain. Por example in

Pigure 63 the first jump occurs at vr=0.08 and after that a jump is




observed step by step until the last time step, since, in this case, -
the speed of the travelling load is 1.0 which implies that the ; ;

travelling load is moving step by step.

Thus, Adisplacement and strain components at any point in the : i

shell may be evaluated in terms of dimensionless valuables from the

computer program presented.
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APPENDIX A

FIGURES IN CHAPTERS I-IV
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ari coordinate system for CASE 2.
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Geometry,
Figure 2. Geometry, loading,

Figure 1
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Figure 3. longitudinal and shear wave cones and the bicharacteristic !
curves, '
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a0 0000000
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PROGRAM TRES1(OUTPUT, TAPEl, TAPE2)

'."""t".l"'.I"!'"'t"*"."""'I""t'.**'R'l""t."""."'ooozo

CASE 2 : TRANSIENT RESPONSE OF A SEMI-INFINITELY LONG TURE

SUBJECTED TO LOAD APPLIED FROM THE INTERIOR AND ALONG
THE LENGTH OF THE TUBE

00010

00030
00040
00050
00060

CO~-ORDINATE SYSTEM FOR THE ARRAYS USED IN THE PROGRAM:

J — COORDINATE FOR Z-AXIS. J=1 AT Z=0.0.
K - COORDINATE FOR R-AXIS. K=l AT R=DRO.

L -~ COORDINATE FOR VARIABLES. 1 - SITT

NT - TIME COORDINATE. 1 - TOW,

S5 - U2
2 - UR 6 - DUZDZ
3 - DURDR 7 - SIRR
4 - SIZ2Z 8 - SIRZ
2 - TOW-DT, 3 - TOW-2*DT

00070
00080
00090
00100
00110
00120
00130
00140
00180
00160
00170

INPUT DATA

N
INDEX
DRO
DR1
RNE
rr

NUMBER OF DIVISIONS ACROSS THICKNESS OF CYLINDER

TOTAL NUMBER OF INTEGRATION(MUST BE 2*N)({ MAXIMUM 30)

INTERNAL RADIUS
EXTERNAL RADIUS
POISSON'S RATIO
DIMENSIONLESS LOADING INTENSITY

THE FORM OF OUTPUT IS SELECTED BY SPECIFYING IPRINT AND INPUT
THE INFORMATION REQUIRED FOR THE OUTPUT

IPRINT FORM OF OUTPUT

1 PRINT FOR A SPECIFIED TIME

2 PRINT FOR A SPECIFIED POINT

3 PRINT POR BOTH SPECIFIED TIME AND POINTS
IFROM — STARTING TIME PFOR PRINTING
ITILL — TIME FOR TERMINATION OF PRINTING
IWRITE — TIME INTERVAL OF PRINTING
NPRINT —~ NUMBER OF POINTS SPECIPIED (MAXIMUM 9)
JPRINT — J =~ COORDINATE OF SPECIFIED POINTS
KPRINT —- K — COORDINATE OF SPECIPIED POINTS

Q""""Q*"'*"Q*'*Qﬁ""*"!""i"""f'"Q.I'."""."*"'Q""'

COMMON/FOQ/FFP,FB,FR

00180
00190
00200
00210
00220
00230
00240
00250
00260
00270
00280
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
00390
00400
00410
00420
00430
00440
00430

*00460

00470
00480

comon/wr,'row,n,z,x,a,m's,n.n,Bm,mnz,cz.m.cn,can.rm.moao '




COMMON/RE/IFROM, ITILL, INRITE, 171, IPRINT, NPRINT
COMMON/PRINT/JPRINT( 9 ), KPRINT(9)

DIMENSION T3(31,8),TT(34,8)

DIMENSION Q3(31,8),QJ(2,31,8)

DIMENSION ZA(4l)

COMMON/TN/T( 34,31,8),T1(34,31,8),T2( 34, 31,8), TOTAL( 34,31,8)
COMMON/QN/Q( 34,31,8),Q1(34,31,8),Q2(34,31,8)

INPUT TO THE PROGRAM

aQaaon

DATA INDEX,N,DRO,DR1,RNE,PFP/30,15,1.,1.30,.15,1./
DATA( JPRINT(M),M=1,2)/2,2/

DATA( KPRINT(M),M=1,2)/1,2/

DATA IPRINT, IFROM, ITILL, IWRITE, NPRINT/1,1,30,1,2/
N1=N+1

INDX1=INDEX+1

INDX4=INDEX+4

CALL GALIM(RNE,DRO, INDEX, INDX1, INDX4,T3,1T,
+DR1,Q3,0Q7,ZA,N1)

STOP

END

SUBROUTINE GALIM(RNE,DRO, INDEX, INDX1,INDX¢,T3,TT,
+DR1,Q3,QJ,ZA,N1)
c
N R R AR A RN AN A A AN A AN AN A AN RN AR T AR AN CCTRRRANANANRE
c PURPOSE: TO FIX THE SCHEME OF INTEGRATION *

c"""""'Q"'"'"Qt"""'l"""'"""*""Q"""'l’"""""".

c

00500
00510
00520
00830
00540
00580
00560
00570
00580
00590
00600
00610
00620
00630
00640
00650
00660
00670
00680
00690
00700
00710
00720
00730
Q0740
00750
00760
00770
00780
00790

COMMON/ALL/I,TOW,R,Z,K,J,DTS,ALFA, BETA, BETA2, G2, BG, CBA, CABA, PIES, NOOS800

COMMON/PRINT/JPRINT( 9 ), KPRINT(9) _
COMMON/RE/IPROM, ITILL, INRITE, IJ1, IPRINT, NPRINT
COMMON/PO/FF, FB, PR

COMMON/AA/B1,B2,B3,BS,B6,B9

DIMENSION ZA(N1)

COMMON/TN/T( 34,31,8),T1(34,31,8),T2(34,31,8),
+TOTAL( 34,31,8)

COMMON/QN/Q( 34,31,8),Q1( 34,31,8),Q2( 34,31,8)
DIMENSION T3(INDX1,8),T4(3,8),TT(INDX4,8)
DIMENSION Q3( INDX1,8),Q4(3,8),QJ(2,INDX1,8)

CAILCULATION OF THE CONSTANTS

aan

FR=-FF

PRZ=0.

DT=( DR1-DRO }/FLOAT(N)
DT5=DT/2.0
ALFA=RNE/(1.0-RNE)
BETA2=(1.0-ALFA)/2.0
BETA=SQRT( BETA2 )
G2=DT/(1.0+BETA)

00810
00820
00830
00840
00850
00860
00870
00880
00890
00900
00910
00920
00930
00940
00950
00960
00970
00980
00990
01000
01010




aon

ann

BG=2 .0*BETA*G2
CBA=(1.0-BETA)/(1.0+BETA)
CABA=2 .0*BETA/(1.0+BETA)
Bl=DTS

B2=DTS

B3=G2

BS=DTS

B6=DTS

B9~DT

IJ=1

PIES=2.0*ATAN(1.0)

SET ALL ARRAYS EQUAL TO ZERO

DO SO0 1=1,8

DO 49 NT=1,3
T4(NT,L)=0.0
Q4(NT,L)=0.0

49 CONTINUE

DO 50 K=1,INDX1
T3(K,L)=0.0
Q3(K,L)=0.0
QJ(1,K,L)=0.0
QJ(2,K,L)=0.0
DO SO J=1, INDX4
T(J,K.L)=0.0
T1(J,K,L)=0.0
T2(J,K,L)=0.0
TOTAL(J,K,L)=0.0
Q(J,K,L)=0.0
Q1(J.K,L)=0.0
Q2(J,K,L)=0.0

S0 CONTINUE

535

INITIAL CONDITIONS

T1(1,1,7)=PF/DRO**(1.0+ALFA/2.0)
T1(1,1,1)=ALPA*T1(1,1,7)
T1(1,1,2)==T1(1,1,7)
T1(1,1,3)=FP*(1.0+ALFA/2.0)/DRO**(2.0+ALFA/2.0)
T1(1,1,S )=ALFA*PPF/SQRT(DRO)

DO 55 J=2, INDX4

T1(J,1,7 )=PF/SQRT(DRO)
T1(J,1,1)=ALFA*TL(T,1,7)
T1(J,1,4)=T1(J,1,1)
T1(J,1,2)=-T1(J,1,7)
T1(J,1,3)=0.5*FP/DRO**]1.5

CONTINUE

DO 60 L=1,8

T4(1,L)=T1(1,1,L)

DO 60 J=1, INDX4

TT(J,L)*T1(J,1,L)

01030
01040
01080
01060
01070
01080
01090
01100
0ll110
01120
01130
01140
01150
01160
01170
01180
01190
01200
01210
01220
01230
01240
01250
01260
01270
01280
01290
01300
01310
01320
01330
01340
01350
01360
01370
01360
01390
01400
01410
01420
01430
01440
01450
01480
01470
01480
01490
01300
01510
01520
01530
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70
60 CONTINUE 01540
c 01550
c THE FRAME OF INTEGRATION 01560
¢ ' 01870
DO 2000 I=1, INDEX 01580
SIGN=1.0 01590
TOW=I *DT 01600
IA=I+1 01610
IAl=IA 01620
IB=I+2 01630 i
IC=1I+3 , 01640 !
KK=3 01650 "
DO 1000 JIM=2,IC 01660 i
KK=5-KK 01670
JeI+4—IM 01680
Z=FLOAT(.J ) *DT-DT 01690
IF(JM .GT. 3) GO TO 200 01700 !
IF(JM .EQ. 3) GO TO 300 01710 b
c 01720 i .
100 X=1 01730
R=DRO 01740
CALL LOADED(DRO, INDX4, INDX1,DT,T,T1,T2,SIGN,DR1) 01750
IFI .EQ. 1) GO TO 105 01760
DO 110 K=2,1I 01770
ReFLOAT( K ) *DT-DT+DRO 01780
CALL GENER(DRO, INDX4,INDX1,DT,T,T1,T2,SIGN,DR1) 01790
110 CONTINUE 01800
105 K=I+l 01810
R=FLOAT( I ) *DT+DRO 01820 :
CALL WAVE(DRO, INDX4, INDX1,T,SIGN,FF) 01830 §
DO 115 K=1,IA 01040
DO 115 JJ=IC,INDX4 01030
DO 115 L=1,8 010860 ‘
T(JJ,K,L)=T(IB,K,L) 01870 !
115 CONTINUE 01880
DO 120 JJ=2,IA 01890 i
DO 120 L=1,8 01900 H
T(JJ,IA,L)~T(IB,IA,L) 01910 e
120 CONTINUE 01920
GO TO 1000 01930 N
c 01940 i
300 K=1 01980
R=DRO _ : 01960 -
CALL LEAD( DRO, INDX4,INDX1,DT,T,T1,T2,SIGN,DR1) 01970 L
DO 305 L=1,8 01980
T3(1l,L)=T(J,1,L) 01990
T4(3,L)~T4(2,L) 02000 I
T4(2,L)=T4(1,L) 02010
308 CONTINUE 02020
T4(1,7)=PP/(DRO+TON)**(1,.040.5*ALFA) 02030
T4(1,1)=ALPA*TA(1,7) 02040 !
T4(1,2)~-T4(1,7) 02050
[
4
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310
320

200

400

410

415

420
425
430
440

445

$00

508

510
518

T4(1,3)=PF*(1.0+0.5*ALFA)/( DRO+TOW)**(2.0+0.5*ALFA)
T4( 1,5 )=FF*ALFA/SQRT( DRO+TOW)

T4(1,4)=0.0

T4(1,6)=0.0

T4(1,6)=0.0

IP(I .LE. 2) GO TO 1000

DO 310 K=3,I,2

DO 310 1=1,8

T(J,K,L)=T(IB,K,L)
CONTINUE

GO TO 1000

IF(J.EQ. 1) GO TO 500
IP(KK .EQ. 2) GO TO 405
K=1

R=DRO

CALL LOAD1(DRO, INDX4, INDX1,DT,T,T1,T2,SIGN,DR1,FRZ)
DO 445 K=KK,I,2

Re=PLOAT( K ) *DT-DT+DRO
IM=(J-1)*(J-1)~I*I+(K-1)*(K~-1)

IF(IM .GT. O) GO TO 430

MI=K+J-1~2

IF(ML) 410,415, 425

CALL GENER1(DRO, INDX4,INDX1,DT,T,T1l,T2, SIGN,DR1)
GO TO 445

CALL DIAG(DRO, INDX4,INDX1,D?T,T,T1,T2,T4,SIGN,DRl)
DO 420 1=1,8

T3(K,L)=T(J.K,L)

CONTINUE

GO TO 445

CALL GINTER(DRO, INDX4, INDX1,DT,T3,T4,T,SIGN,DR1,N1)
GO TO 445

DO 440 L=1,8

™(J,K,L)=T(IB,K.L)

CONTINUE

CONTINUE

GO TO 1000

IF(KX .EQ. 2) GO TO 505

K=l

Re=DRO

CALL BOAX1(DRO, INDX4, INDX1,DT,T,T1,T2,SIGN,DR1)
IP(I .ILE. 2) GO TO 515

IAN=I-1

DO 510 FKF=KK,IAN,2

R=PLOAT(K ) *DT-DT+DRO

CALL PREE(DRO, INDX4, INDX1,DT,T,T1,T2,3IGN,DR1)
CONTINUE

K=I+1

DO $20 L=1,8

T(J,K.L)=T4(1,L)

7

02060
02070
02080
02090
02100
02110
02120
02130
02140
021%0
02160
02170
02180
02190
02200
02210
02220
02230
02240
02250
02260
02270
02280
02290
02300
02310
02320
02330
02340
023%0
02360
02370
02380
02390
02400
02410
02420
02430
02440
02450
02460
02470
02480
02490
02500
02510
02320
023530
02540 [
02550

02860

02570




520
1000

600

602

603

604

606

610

CONTINUE

CONTINUE

SIGN=-1.0
IP(I-N)19685,599,604

INITIAL REPLECTED CONDITIONS
Q1(1,N1,7)=PR/DR1**(1.0+ALPA/2.0)
Q1(1,N1,1)=ALPA*Q1(1,N1,7)
Q1(1,N1,2)=-SIGN*QL(1,N1,7)
01(1,N1,3)=SIGN"PR*(1.0+ALFA/2.0)/DR1**(2.0+ALFA/2.0)
Q1(1,N1,5 )=sALPA*FR/SQRT(DR1)
DO 600 J=2, INDX4
Q1(J,N1,7)=FR/SQRT(DR1)
Q1(J,N1,1)=ALFA*Q1(J,N1,7)
Q1(J,N1,4)=ALFA*Q1(J,N1,7)
Q1(J,N1,7 )=—SIGN*Q1(J,N1,7)
Q1(J,N1,3)=0.5*SIGN*FR/DR1**1.5
CONTINUE

DO 602 L=1,8
Q4(1,L)=Q1(1,N1,L)

DO 602 M=1,N1
QJ(1,M,L)=Q4(1,L)

CONTINUE

DO 603 J=), INDX4

DO 603 X=1,INDX1

DO 603 L=1,8
Q(J.X,L)=Q1(J,K,L)

GO TO 4000

IR=I-N

KW=N1-IR

DO 606 L=1,8
Q4(3,L)=Q4(2,L)
Q4(2,L)=Q4(1,L)

CONTINUE

R=PLOAT( 2*N-I )*DT+DRO
Q4(1,7)=FR/R**(1.0+ALFA®0.5)
Q4(1,1)=ALPA*Q4(1,7)
Q4(1,2)=SIGN*Q4(1,7)
Q4(1,3)=PR*SIGN*(1.0+ALFA*0.5)/R**(2.0+0.5*ALFA)
Q4( 1,5 )=FR*ALFA/R**0.5
Q4(1,4)=0.

Q4(1,6)=0,

Q4(1,8)=0.

DO 3000 JM=2,IC

Jel+4-IM

IM=MOD( TM+N, 2 )+2

Z=PLOAT( J-1 )*DT

JimI-N+1

J2=24+SQRT( PLOAT( I*I-N*N))
Ir(J-J1)640,630,610
IP(J.LT.J32)GO TO 620

K=N1

Re=DR1

025680
02590
02600
02610
02620
02630
02640
026350
02660
02670
02680
02690
02700
02710
02720
02730
02740
02750
02760
02770
02780
02790
02800
02810
02820
02930
02840
028350
02860
02870
02880
02990
02900
02910
02920
02930
02940
029350
02960
02970
02980
02990
03000
03010
03020
03030
03040
03030
03060
03070
03080
03090
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612
614

616

617

618

619

620

624
622

626

625
629

630

633

FB=-T(J,N1,7)

CALL LOADED(DRO, INDX4, INDX1,DT,Q,Q1,Q2,SIGN,DRl)
IP(IR.EQ.1)GO TO 614

DO 612 KR=2,IR

KaN-KR+2

R=PFLOAT( X ) *DT-DT+DRO

CALL GENER(DRO, INDX4, INDX1,DT,Q,Q1,Q2,SIGN,DR1)
CONTINUE

K=KW

R=PLOAT(X-1 )*DT+DRO

CALL WAVE(DRO, INDX4, INDX1,Q,SIGN,FR)
DO 616 K=XW,6Nl

DO 616 JJI=J2, INDX4

DO 616 L=1,8

QJIJ, K, L)=Q(IB,K,L)

CONTINUE

DO 618 I=1,8

DO 617 M=1,N1

QI(2,M,L)=QJ(1,M,L)
QJ(1,1,L)=Q(J2,N1,L)

CONTINUE

DO 619 JJ=2,J2

DO 619 Ll=1,8

Q(JJ,KW,LL)=Q( IB,KW,LL)

73

CALL RBOUND(DRO, INDX4, INDX1,DT,Q,Q1,02,Q4,QJ,J1,S8IGN,T,ZA,N1,DR1l)

GO TO 3000
IP(IM.EQ.2)GO TO 622

X=N1

R=DR1

AJM=1.0+FLOAT( I*I-N*N—(J~1)*(J-1))/PLOAT 2*( I-N))
Me=AIM

DO 624 L=1,8

Q(J.K,L)=( AJM-FLOAT(M) )*QJ(1,M+1,".; +( PLOAT(M+1)-AIM)*QJ(1,M,L)

DO 629 KR=IM,IR,2

K=N-KR+2

R=FLOAT( K~-1 ) *DT+DRO
LMe(J-1)**2-I *I+( 2*N-K+1)**2
IF(LM.GT.0)GO TO 626

CALL RINTER(Q,QJ,Q4, INDX4, INDX1,ZA,N1)
GO TO 629

DO 625 L=1,8
Q(J,X,L)=Q(IB,K,L)

CONTINUE

CONTINUE

GO TO 3000

K=N1

R=DR1

DO 633 L=1,8

I, K,L)=QJ(1,N1,L)
Q3(N1,L)=Q(J,K,L)

CONTINUE

IF(IR.LE.2)GO TO 3000

e - et o s

03100
03110
03120
03130
03140
03150
03160
03170
03180
03190
03200
03210
03220
03230
03240
03250
03260
03270
03280
03290
03300
03310
03320
03330
03340
03350
03360
03370
03380
03390
03400
03410
03420
03430
03440
03450
03460
03470
03480
03490
03500
03510
03520
03530
03840
033550
03560
03870
03580
03590
03600
03610
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634

635
636

640

641

642

643

644

645

646

647

648
649

700

708

DO 636 KR=3,IR,2
KeN-KR+2

LMe=( J-1)*%2-I*T+( 2*N-K+1)**2

IF(LM.GT.0)GO TO 634

CALL RINTER(Q,QJ,Q4, INDX4, INDX1,ZA,N1)

GO TO 636

DO 635 L=1,8

AJ.K,L)=Q(IB,K,L)

CONTINUE

CONTINUE

GO TO 3000

IF(J.EQ.1)GO TO 700

IFP(IM.EQ.2)GO TO 641

K=N1

R=DR1

FB=-T(J,N1,7)

FRZ=-T(J,N1,8)

CALL LOAD1(DRO, INDX4, INDX1,DT,Q,Ql,Q2,SIGN,DR1,FRZ)
IF(IR.LE.2)GO TO 3000

DO 649 KR=IM,IR,2

KeN-KR+2 !
R=PLOAT( X~-1 ) *DT+DRO

LMu( J-1)**2-I*I+( 2*N-K+1)**2

LA=(J-1)**2—( I-N)**2+(N-K+1)**2

MLsJ+2 *N~K~-I

IP(LM.GT.0)GO TO 647

IF(LA.GT.0)GO TO 646

IF(ML)642,643,645

CALL GENER1(DRO, INDX4, INDX1,DT,Q,Q1,Q2,SIGN,DR1)
GO TO 649

CALL DIAG(DRO,INDX4,INDX1,DT,Q,Q1,Q2,Q4,SIGN,DR1)
DO 644 L=-1,8

Q3(K,L)=Q(J,K,L)

CONTINUE

GO TO 649

CALL GINTER(DRO, INDX4,INDX1,DT,Q3,04,Q,SIGN,DR1,N1)
GO TO 649

CALL RINTER(Q,QJ,Q4,INDX4,INDX1,ZA,N1)

GO TO 649

DO 648 L=1,8

Q(J,K,L)=Q(IB,K,L)

CONTINUE

CONTINUE

GO TO 3000

IP(IM.EQ.2)GO TO 70S

K=N1

R=DR1

PB=-T1(J,N1,7)

CALL BOAX1(DRO,INDX4, INDX1,DT,Q,Q1,Q2,SIGN,DR1)
IP(IR.LE.2)GO TO 718

DO 710 KR=IM,IR,2

K=N-KR+2

74

03620
03630
03640
03680
03660
03670
03680
03690
03700
03710
03720
03730
03740
03750
03760
03770
03790
03790
03800
03810
03820
03830
03840
03850
03860
03870
03880
03890
03900
03910
03920
03930
03940
03950
03960
03970
03980
039%0
04000
04010
04020
04030
04040
04050
04060
04070
04080
04090
04100
04110
04120
04130
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7%
RePLOAT( K~1 ) *DT+DRO 04140
CALL PREE (DRO,INDX4,INDX1,DT,Q,Q1,Q2,SIGN,DR1) 04150
710 CONTINUE 04160
715 K=KW 04170
DO 720 L=1,8 04180
Q(J,K,L)=04(1,L) 04190
720 CONTINUE 04200 ;
3000 CONTINUE 04210 }
4000 CONTINUE 04220
1985 CONTINUE 04230
DO 1975 J=1,INDX4 04240
DO 1975 L=1,8 04250
DO 1970 X=1,IAl 04260
13970 TOTAL(J.X,L)=Q(J.X,L)+T(J,K,L) 04270 ]
IP(I.NE.2*N)GO TO 1975 04280 _
TOTAL(J,1,L)=TOTAL(J,1,L)+TT(J,L) 04290
1975 CONTINUE 04300
CALL RESULT(RNE,DRO,DR1,DT,I,FF, INDX4, INDX1, TOTAL,T1,1IJ,N1) 04310
DO 1980 J=1,INDX4 04320
DO 1980 L=1,8 04330
DO 198C K=1,IAl 04340
T2(J,K,L)=T1(J,K,L) 04350
T1(J,K,5)=T(J,K,L) 04360
02(J,X,L)=Q1(J,K,L) 04370
Q1(J,K,L)=Q(J,K,L) 04380
1980 CONTINUE 04390
2000 CONTINUE 04400
RETURN 04410
END 04420
c 04430
c 04440
SUBROUTINE AMAT(DRO, INDX4,INDX1,DT,T,T1,T2,A,SIGN,UR1) 04450
c 04460
C"tit*"lt'*l'****tft!'*'*t***'!*****"l‘t*"l‘***t"*l'#"*"i*""f"'fﬁ'*O“’]o
c PURPOSE: TO CALCULATE THE MATRIX AND VECTOR BASED ON MATRIX 2 204480
c %04490
c COLUMNS 1 TO 8 OF A(II,JJ) REPRESENT THE MATRIX WHILE A(II,9) IS *04500
c THE COLUMN VECTOR SUCH THAT: *04510
c A(l,9)= [A2) A(5,9)= [A6) *04520
c A(2,9)~ A9 A(6,9)= [Al] %04530
c A(3,9)= Al0 A(7,9)= [AS) %04540
c A(4,9'= Al12 A(8,9)= [A3] %04550
c 04560
COMMON/ALL/I,TOW,R,Z,K,J, DTS ,ALFA, BETA, BETA2, G2, BG, CBA, CABA, PIES, NO4570
COMMON/?.A/B1,B2,B3,BS,B6,B9 04580
COMMON/FO/FF ,FB, FR 04590
DIMENSION T( INDX4, INDX1,8),T1(INDX4,INDX1,8),T2( INDX4,INDX1,8) 04600
DIMENSION A(8,9) 04610
P=PFP 04620
IP(SIGN.EQ.-1.0)P=FR 04630
PO 600 II=1,8 04640
DO 600 JJ=1,9 04650




a0

ana

600

A(II,JJ)=0.0
CONTINUE

CALCULATING THE MATRIX

A(1,1)=B2/R
A(1,2)=1.-2.*ALFA*B2/R
A(1,4)=B2/R
A(1,7)=1.-2.*B2/R

ALFA9=B9*ALFA
ALFASR=ALFAS/R
A(2,2)=-ALFA9R
A(2,3)=-B9

A( 2,6 )=—ALFA9
A(2,7)=1.

A(3,2)=-ALFASR
A(3,3)=-ALFAS
A(3,4)=1.

A(4,1)=1.
A(4,2)=-B9/R
A(4,3)=—ALFA9
A(4,6)=—ALFA9

A(S5,2)=-ALFA*B6/R
A(5,4)=1.0
A(5,5)=1.0
A(S5,8)=-B6/R

A(6,1)=-B1/R
A(6,2)=-1.-2.*ALFA*B1/R
A(6,4)=-B1/R
A(6,7)=1.+2.*B1/R

A(7,2)=ALFA*BS/R
A(7,4)=1.0+B5/( Z+DRO)
A(7,5)=-1.0-ALFA*BS/( Z+DRO)
A(7,7)==B5/(2+DRO)
A(7,8)=BS/R

A( 8,5 )=—SIGN*BETA+BETA2*B3/R
A(8,8)=1.0+3.0*SIGN*BETA*B3/R

CALCULATING THE VECTOR

ZIR=Z*Z-TOW*TOW+( R-DRO )*( R-DRO)
IP(SIGN.EQ.-1.0)ZIR=Z*Z-TOW*TOW+( 2.0*DR1-DRO-R)**2
KNEG=K-1

KPOSaK+1
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04660
04670
04680
04690
04700
04710
04720
04730
04740
04750
04760
04770
04780
04790
04800
04810
04820
04830
04840
04850
04860
04870
04880
04890
04300
04910
04320
04930
04940
04950
04960
04970
04980
04990
05000
05010
05020
05030
05040
05050
05060
05070
05080
05090
05100
05110
05120
05130
05140
08150
05160
05170
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JNEG=J-1 05180
JPOS=J+1 08190
C 05200
IP(XNEG .EQ. O0) GO TO 620 05210
A(6,9)=(T1(J,KNEG, 1 )+ALFA*T1( J,KNEG, 2 )-T1(J,KNEG,7)) 05220
+*Bl/( R-DT)+T1(J,KNEG, 7 )~T1(J,KNEG, 2) 08230
IF(ZIR .GT. 0.0) GO TO 610 08240
A(6,9)=A(6,9)+(T1(J,KNEG, 4 )+ALFA*T1(J,KNEG, 2)~ 05250
+T1(J,KNEG, 7 ) )*Bl/(R-DT) 05260
c 08270
610 CONTINUE 05280
SRZ=CABA*T1( J,KNEG, 8 }+CBA*T2(J,X,8) 05290
UZ=CABA*T1( J, KNEG, S5 )+CBA*T2(J,K,5) 05300
A(9,9)"SRZ*(1.0-3.0*SIGN*BETA*B3/( R-BG) )+UZ*( ~SIGN*BETA-BETA2*B3/ 05310
+(R-BG)) 05320
c 05330
620 CONTINUE 05340
A(1,9)=(T1(J,KPOS,7 )+ALFA*T1(J,KPOS, 2)-T1(J,KPOS,1)) 05350
+*B2/( R+DT)+T1(J,KPOS, 7)+T1(J,KPOS, 2) 05360
IF(ZIR .GT. 0.0) GO TO 640 05370
A(1,9)=A(1,9)+B2*(T1(J, KPOS, 7 )+ALFA*T1(J,XKPOS, 2)- 05380
+T1(J,KPOS, 4))/(R+DT) 05390
C 05400
640 CONTINUE 05410
IF(JNEG .EQ. O0) GO TO 650 05420
A(7,9)=T)(INEG,K, 4)~-T1(INEG,K, 5 )+BS*ALFA*T1( JNEG,X, 2 )/R 05430
++B5*( T1( INEG, X, 7 )~T1( JNEG,K, 4 )+ALFA*T1( JNEG,K, 5 ) )/( DRO+Z-DT) 05440
+-B5*T1( IJNEG,K,8)/R 05450
C 05460
650 CONTINUE 05470
A(5,9)=T1(JPOS,K, 4)+T1({ JPOS,K, 5 )+B6 *ALFA*T1( JPOS,K, 2 )/R 05480
++B6*T1( JPOS,X,8)/R 05490
c 05500
IP(SIGN .EQ. -1 .AND. K .EQ. 2*N-I+2) GO TO 670 05510
IFMK .EQ. I .AND. SIGN .EQ. 1) GO TO 660 05520

A(2,9)=T2(J,K,?)+B9*T2(J,K, 3 )+ALFAS*T2(J, K, 2 )/R+ALFA9*T2(J,K,6) 08530
A(3,9)=T2(J,K, 4)+B9*T2(J,K, 6 )+ALFA9*T2(J,X, 2 )/R+ALPA9*T2(J, K, 3) 05540
A(4,9)=T2(J,K,1)+B9*T2(J,K, 2 )/R+ALFA9*T2(J, K, 3 }+ALFA9*T2(J,K,6) 05550

RETURN 05560
c 05570
660 B=B2 ' 05580
GO TO 680 08590
670 B=Bl 05600
680 CON=P/R**1.5 05610
R2=R+SIGN*DT/2.0 ’ 05620
AXE=SIGN*P*B*(1,0~2.0*ALFA)/R2**1.5 05630
A(2,9)=CON*R+SIGN®0 .S *B9 *CON-SIGN*ALFA*B9 *CON 05640
A(3,9)=ALPA*CON*F 1, 5*SIGN*B9*ALPA*CON 05650
A( 4,9 )=ALFA*CON*R+0,S*SIGN*B9*ALPA*CON-CON*SIGN*B9 03660
IP(SIGN .EQ. 1) A(1,9)=AXE 05670
IF(SIGN .EQ. =1) A(6,9)=AXE 05680
RETURN 08690
SRR A SRS i R ey e ame—




END 05700

(o 05710
C"""'tti""'ttttt'ttltt'*t"t'fl"*t'tt't"'.t!t!'Q""*.t*t'i"""OS?:O
C SUBROUTINES RINT AND CINT ARE USED TO ADJUST MATRIX 2 FOR EACH 08720
C CATEGORY OF POINTS 05740
cttrt*!’tat”rt't'wttt!'t*w**'tt't'wtt"'tt.'l't'tttt"!IIt!"t'."*'tt'tOS,SO
C 05760
SUBROUTINE RINT(A,N,M,LA,LB) 05770

(o : 05760
C INTERCHANGE ROWS LA AND LB 05790
(o 05800
DIMENSION A(N,M) 05810

DO 10 II=1,M 05820
SAVE=A(LA,II) 05830
A(LA,II)=A(LB,II) 05840

10 A(LB, II )=SAVE 05850
RETURN 05860

END 05870

c 05880
SUBROUTINE CINT(A,N,M,LA,LB) 05890

C 05900
C INTERCHANGE COLUMNS LA AND LB R 05910
Cc 05920
DIMENSION A(N,M) 05930

DO 10 II=1,N 05940
SAVE=A(II,LA) 05950
A(II,LA)=A(II,LB) 05960

10 A(IX,LB)=SAVE 05970
RETURN . 05980

END 05990

Cc 06000
C 06010
SUBROUTINE WAVE(DRO, INDX4,INDX1,T,SIGN,P) 06020

c ‘ 06030
CQ"""'QQQ'QI"QQR'*tt*tt*tk"*t'*f*t**t'?tt""*""t'Q'.t"'ﬁ""’*tﬂoso‘o
C INCIDENT LEADING WAVE POINTS — G— 06050
C'I""I"I*‘l‘tit**it'twt"tttl’tl'tt"‘l‘*t**i'l!'t'l!t*"'t"'t‘l""t't"!Riososo
c 06070
COMMON/ALL/I1,TOW,.R,Z,K,J,DTS,ALPA, BETA, BETA2, G2, BG, CBA, CABA,PIES, NO6080O
COMMON/PO/FP,FB,PR 06090
DIMENSION T( INDX4,INDX1,8) 06100
T(J,K,7)=FP/R**0.5 06110
T(J,K,1)=ALFA*T(J,K,7) . 06120
T(J,K,2)=-SIGN*T(J,K,7) 06130
T(J,K,3)=F*SIGN*0.5/R**1.5 06140

T(J,K, 4)=ALFA*T(J,K,7) . 06150
RETURN 06160

END . 08170

c 06190
c 061%0
SUBROUTINE BOAX1(DRO, INDX4, INDX1,DT,T,T1,T2,SIGN,DR1) 06200

(o] 06210
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I ct"l""*ﬁ'*'**'tﬂ!‘t't"tll’"*"".""""fl"'l"'"'*"‘I'i"""""'.".o‘zzo
c REGULAR CORNER POINT — D — 06230
c'""""i'iQ*"*ﬂ*.""'ﬁ""'"!*'I"I't"t"!‘*"“'"I".""""""'o.z“
. C 06280
‘ COMMON/ALL/I, TOW,R, Z,K,J,DT5,ALFA, BETA, BETAZ, G2, BG, CBA, CABA, PIES , N06260
COMMON/PO/PF,FB,FR 06270
COMMON/AA/B1,B2,B3,B5,B6,B9 06200
DIMENSION T(INDX4,INDX1,8),T1(INDX4,INDX1,8),T2(INDX4, INDX1,8) 06290
DIMENSION A(8,9),AB(5,5),COE(S) 06300
rerr 06310
IP(SIGN.EQ.~1.0)P=FB 06320
S CALL AMAT(DRO,INDX4,INDX1,DT,T,T1,T2,A,SIGN,DR1) 06330
CALL CINT(A,8,9,4,6) 06340
IF(SIGN.EQ.-1.0)CALL RINT(A,8,9,1,6) 06350
DO 15 II=1,5 06360
DO 10 JJ=1,5 06370
10 AB(II,JJ)=A(II,JJ) 06380
15 COE(II)=A(II,9) 06390
(I, K,7)=F 06400
T(J,K, 4)=0.0 06410
T(J,K,8)=0.0 06420
COE(1 )=COE(1)~-(1.0~2.0*B2/R)*T(J,K,7) 06430
IP(SIGN.EQ.-1.0)COE(1)=A(1,9)-(1.0+2.0*B1/R)*N(JI,K,7) 06440
COE( 2 )=COE(2)-T(J,K,7) 06450
CALL MATINV(AB,COE,S,5,1,DET,KS) 06460
IP(XS .EQ. 1) GO TO 20 06470
T(J,K,1)=COE(1) 06480
T(J,K,2)=COE(2) 06490
T(J,K, 3 )=COE(3) 06500
T(J,K,5 )=COE(5) 06510
T(J,X,6 )=COE( 4) 06520
RETURN 06530
20 WRITE (1,25) 06540
25 PORMAT( *SINGULAR AT REGULAR CORNER POINT — D —*) 06550
STOP 06560
END 06570
c 06580
c 06590
SUBROUTINE FREE(DRO, INDX4, INDX2,DT,T,T1,T2,SIGN,DR1) 06600
c 06610
c"""""*'*'".*"*"'**'**‘."**'**'**‘l’"'*'*"*""**'.***'*'Q't**""osszo
c REGULAR PREE SURFACE POINT — C — 06630
c'"'t"'lt'**'*"**'i"l'"'"*'t‘R?t*"'**t*t"*I*'*l""***"'*"'I’"""'O“‘o
c . 06650
COMMON/ALL/I,TOW,R,Z,K,J, DTS, ALFA, BETA, BETA2, G2, BG, CBA, CABA, PIES, NO6660
COMMON/AA/B1,B2,B3,B5,B6,B9 06670
DIMENSION T(INDX4,INDX1,8),T1(INDX4,INDX1,8), T2( INDX4,INDX1,8) 06680
DIMENSION A(8,9),AB(6,6),COE(6) 06690
10 CALL AMAT(DRO, INDX4, INDX1,DT,T,T1,T2,A,SIGN,DR1) 06700
CALL CINT(A,8,9,4,7) 06710
DO 7 II=1,6 06720
DO 6 JJ=1,6 06730




6 AB(II,JJ)=A(I11,JJ7)

7 COE(II)=A(II,9)
T™(J,K,4)=0.0
™J,K,8)=0.0

CALL MATINV(AB,COE,6,6,1,DET,.KS)
IP(KS.EQ.1) GO TO 4

T(J,K,1)=COE(1)
T(J,K,2)=COE(2)
T(J,K,3)=COE(3)
T(J,K,7)=COE(4)
T(J,K,5)=COE(S)
T(J,K, 6 )=COE(6)
RETURN

WRITE (1,5)

[

STOP
END
C
C

SUBROUTINE LEAD(DRO, INDX4, INDX1,DT,T,T1,T2,SIGN,DR1)

c

PORMAT( *SINGULAR AT REGULAR FREE SURFACE POINT —— C ~— ¥)

06740
06780
06760
06770
06780
06790
06900
06010
06820
06830
06840
06850
06860
06870
066880
06890
06900
06910
06920
06930
06940

ct.'**'*l'l*I"'I""I"I"t'tRI*t*I'!"f""I'*"'"*ttl*"""""'!"O"SO

o LEADING LOADED BOUNDARY POINT (TWO DIMENSIONAL) — J -

c"'t'*"'"tt'if'*#t*'*""t'Q'Q'f'l"t'***."I""'.'.""t"""""'O"’O

c

COMMON/ALL/I,TOW,R,Z,K,J,DTS,ALFA, BETA, BETA2,G2, BG, CBA, CABA, PIES, NO6990

COMMON/AA/B1,B2,B3,B5,B6,B9

COMMON/FO/FT . FB,FR

DIMENSION T(INDX4,INDX1,8),T1(INDX4,INDX1,8),T2(INDX4,INDX1,S)
DIMENSION A(8,9),AB(5,5),COE(S)

IP(X.EQ.I) B9=DTS

CALL AMAT(DRO, INDX4, INDX1,DT,T,T1,T2,A,SIGN,DR1)

CALL CINT(A,8,9,2,6)

CALL RINT(A,9,9,7,1)

DO 7 II=1,5
DO 6 JJ=1,5

6 AB(II,JJ)=A(II,JJ)

7 COE(II)=A(II,9)

™J,K,2)"P(1+2,1,2)
'K, 7)=D(I+2,1,7)

T, J,K,8)=0.0

COE( 1 )=COE( 1 )+B5*T(J,K, 7 )/( Z+DRO )+BS *ALPA*T(J,K, 2 )/R
COE( 2 )=COE( 2 )-T( J,K, 7 }+B9*ALFA*T(J,K, 2 )/R

COE( 3 )=COE( 3 )+B9*ALFA*T(J,K, 2 )/R

COE( 4 )=COE( 4)+B9*T(J,K,2)/R

COE( 5 )=COE( S )+B6 *ALFA*T( J,K, 2 )/R

CALL MATINV(AB,COE,S,5,1,DET,KS)

IP(KS.EQ.1) GO TO 3

T(J,K,1)=COE(1)
T(J,K, 3 )=COE(3)
T(J,K,4)=COE(4)
T(J,K,5 )=COE(S)

07000
07010
07020
07030
07040
07050
07060
07070
07080
07090
07100
07110
07120
07130
07140
07180
07160
07170
07100
07190
07200
07210
07220
07230
07240
07280

PE
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T™(J,K,6 )=COE(2) 07260
B9=DT 07270
RETURN 07280
3 WRITE (1,5) 07290
S PORMAT( *SINGULAR AT LEADING LOADED BOUNDARY 2-D POINT -J- *) 07300 .
i STOP 07310
END 07320
c 07330
c 07340
SUBROUTINE LOADED(DRO, INDX4,INDX1,DT,T,T1,T2,SIGN,DR1) 07350
c 07360
C't'*t'*'*"t**t'!""*""*Itt”*'**t'!'R""'"l"'!*'I"‘l'"'*""t"'o'ja‘]o
c REGULAR LOADED BOUNDARY POINT (ONE DIMENSIONAL) — P ~— 07380
CQ*.’.Qtt"'t’l'"t*t"*'*i*'l"'tt*‘l**t*'t*‘*lt'****‘.'"*it"""'*""!i"o,a’o
c 07400
COMMON/ALL/I,TOW,R,Z,K,J,DTS,ALFA, BETA,BETAZ, G2, BG, CBA, CABA, PIES , NO7410
COMMON/AA/B1,B2,B3,BS,B6, B9 07420
COMMON/FO/FF,FB,FR 07430
DIMENSION T(INDX4,INDX1,8),T1( INDX4,INDX1,8),T2( INDX4, INDX1,8) 07440
DIMENSION A(8,9),AB(4,4),COE(4) 07450
FePP 07460
IP(SIGN.EQ.~1.0)P=FB 07470
IF(X.EQ.I .AND. SIGN .EQ. 1) GO T0 2 07480
IP(SIGN .EQ. -1 .AND. K .EQ. 2*N-I+2) GO TO 8 07490
GO TO S 07500
2 B2=Bl/2. 07510
B9=Bl 07320
GO TO S 07530
8 B9=Bl 07540
Bl=Bl1/2.0 07550
S CALL AMAT(DRO,INDX4,INDX1,DT,T,T1,T2,A,SIGN, mu) 07560
IP(SIGN.EQ.-1.0)CALL RINT(A,8,9,1,6) 07570
DO 7 II=1,4 07580
DO 6 JJ=1,4 07590
6 AB(II,JJ)=A(II,JJ) 07600
7 COE(II)=A(II,9) 07610
™(J,K,5)=0.0 07620
™J,K,6)=0,0 07630
™I, K,7)=P : 07640
\ T(J,K,8)=0.0 07650
! AB(1,2)=AB(1,2)+ALFA*B2/R 07660
AB(1,4)=0, 07670
COE( 1 )=COE(1)~(1.0-2.0*B2/R)*T(J,K,7) 07680
IP(SIGN.EQ.-1.0)COE(1)=A(1,9)-(1.0+2.0*B1/R)*T(J,K,7) 07690
COE( 2 )=COE( 2 )-T(J,K,7) 07700
CALL MATINV(AB,COE,4,4,1,DET, xs; 07710
IF(KS.EQ.1) GO TO 3- 07720
DO 9 L=l,4 07730
9 T(J,K,L)=COE(L) 07740
. B1=DTS 07750
i B2=B1 07760
> B9=2,*Bl 07770
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s
RETURN 07790

3 WRITE (1,4) 07790 i

4 PORMAT( *SINGULAR AT REGULAR LOADED BOUNDARY 1-D POINT - P ~-*) 07800
STOP 07810 o
END 07820 !

c 07830 .-
c 07840
SUBROUTINE LOAD1(DRO, INDX4,INDX1,DT,T,T1,T2,SIGN,DR1,FRZ) 07880
] c 07060
Cit't*atittti't'lt""I‘l"ttt'Q*'tt'tt'ttt""!’."'ttit'tl"'t't""'t"tto".vo ° I
c REGULAR LOADED BOUNDARY POINT (TWO DIMENSIONAL) — B — 07880
C'tttt!t!!t't!"'t't't'tl‘tt*tt**tftl'tt'i*"l’!i’t!ttt"t!tl‘""."t""t"ov.’o
c 07900 -
COMMON/ALL/I, TOW, R, Z,K,J,DT5,ALFA, BETA, BETA2, G2, BG, CBA, CABA, PIES, NO7910 ;
COMMON/AM/B1 ,B2,B3,BS,B6,B9 07920 T
COMMON/PO/FF,FB,FR 07930 .
DIMENSION T(INDX4, INDX1,8),T1(INDX4,INDX1,8),T2(INDX4,INDX1,H) 07940
DIMENSION A(8,9),AB(6,6),COE(6) 07950
F=rr 07960 :
IP(SIGN.EQ.-1.0)P=FB 07970 .-
CALL AMAT(DRO, INDX4,INDX,DT,T,T1,T2,A,SIGN,DR1) 07900
IP(SIGN.EQ.1.0)CALL RINT(A,8,9,6,7) 07990 T
IP(SIGN.EQ.-1.0)CALL RINT(A,8,9,1,7) 08000 it
DO 7 II=1,6 08010
DO 6 JJ=1,6 08020 .

6 AB(II,JJ)=A(II,JJ) 08030 ;

7 COE(II)=A(II,9) 08040 i
™JI,K,7)=P 08050
T(J,K,8)=0.5*(1.0-SIGN)*FRZ 08060 ,
COE(1)=COE(1)-(1.0-2.0*B2/R)*T(J,X,?7) 08070
IP(SIGN.EQ.-1.0)COE(1)=A(1,9)+BS/(DRO+Z)*T(J,X,7) 08080

+ =~BS5/R*1(J,K,8) 08090 :
COE( 2 )=COE(2)-T(J,X,7) ' 08100 ._
COE( 6 )=COE( 6 }+BS*T(J,K,7)/(Z+DRO) 08110 v
IP(SIGN.EQ.~1.0)COE(6)=A(6,9)~(1.0+2.0*Bl)*T(J,K,7) 08120
IP(SIGN.EQ.-1.0)COE(S )=COE(S )+B6/R*T(J,K,8) 08130 :
CALL MATINV(AB,CCE,6,6,1,DET,KS) ‘ 08140 :
IP(XS.ZQ.1) GO TO 3 08150
DO 9 L=1,6 08160

9 T(J,K,L)=COE(L) 08170 !
RETURN 08180 L

3 WRITE (1.4) 00190

4 PORMAT( *SINGULAR AT REGULAR LOADED BOUNDARY 2-D POINT - B - *) 08200
STOP 08210
END 08220

c 08230
c 08240
SUBROUTINE GENER(DRO,INDX4, INDX1,DT,T,T1,T2,SIGN,DR1) 08250 .
c 08260
C!"l*"tt!tt*'t"t'"l"!"l!'*tt*tlt."*w'l'l'tt"t"*I"l"'t"'tt't""'o.z"o
c REGULAR INNER ONE DIMENSIONAL POINTS -—- E — 08280
Cr R AR R AR TR RA AR R RN T AR AANAARAXRARNANAARNAARRRRARAARRARN AN RRRRORNR0$ 290
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¢ 08300
COMMON/ALL/I, TOW,R,2,K,J, DTS ,ALFA, BETA, BETA2, G2, BG, CBA, CABA, PIES , NO8310

COMMON/AA/B1,B2,B3,B5,86,B9 08320
DIMENSION T(INDX4,INDX1,8),T1!INDX4,INDX1,8),T2(INDX4,INDX1,8) 08330
DIMENSION A(8,9),AB(S5,5),COE(5) 08340
IP(SIGN.EQ.1.0.AND.K.EQ.1)GO TO 2 08330
IP(SIGN.EQ.-1.0.AND.K.EQ.2"N-I+2)GO TO 8 08360

GO TO S 08370

2 B2=Bl1/2.0 08380
B9=B1 08390

GO T 5 . 008400

8 B9=Bl 00410
Bl=B1/2.0 8420

S5 CALL AMAT(DRO,INDX4,INDX1,DT,T,T1,T2,A,SIGN,DR1) 08430
CALL CINT(A,9,9,5,7) 08440

CALL RINT(A,8,9,5,6) 08450

DO 7 II=1,5 08460

DO 6 JJ=1,5 08470

6 AB(II,JJ)=A(1I,J7) 08480

7 COE(II)=A(II,9) 08490
AB(1,2)=AB{ 1,2 )+ALFA*B2/R 08300
AB(1,4)=0. 08510
AB(1,5)=AB(1,5)+B2/R 08520
AB(S,2)=AB(S,2 )+ALFA*B1/R 08530
AB(S,4)=0. 08540
AB(S,5)=AB(5,5)-B1/R 08550

CALL MATINV(AB,COE,S,S,1,DET,KS) _ 08560
IP(KS.EQ.1) GO T0 3 08570

DO 9 L=1,4 08580

9 T(J,K,L)=COE(L) 00590
™J,K,5)=0.0 008600
™J,K,6)=0.0 08610
™(J,K,7)=COE(S) 00620
™(J,K,8)=0,0 08630
Bl=DTS 08640
B2=B1 08650
B9=2,0*B1 08660
RETURN 08670

3 WRITE (1,4) 08680

4 PORMAT( *SINGULAR AT REGULAR INNER ONE DIMENSIONAL POINT -~ E -*) 08690
STOP 08700

END 08710

c 08720
c ) 08730
SUBROUTINE GENER1(DRQ, INDX¢, INDX1,DT,T,T1,T2,SIGN,DR1) 08740

c 08750
C't!'*'tt'tttQt"I'*ttt'!t**'t'l‘*!"t'**!I'*"l't"ttt'QI"'""Q""""O.?GO
c REGULAR INNER TWO DIMENSIONAL POINTS — A — 08770
c SOLVE MATRIX 2 WITHOUT ALTERATION ) 08780
c'ltﬁ""ﬁtﬁtti'tQ"t*'*fl'*‘lt**tw**t'tl‘t'*tt'*"'t'!‘*""'ttt.t*!t't'itﬂo.']’o
< 08800

COMMON/ALL/I,TOW,R,Z,K,J, DTS ,ALFA, BETA, BETA2, G2, BG,CBA, CABA, PIES,NO8810O

. p S
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COMMON/AMN/B1,B2,B3,B5,B86,B9 08020
DINENSION T(INDX4,INDX1,8),T1(INDX4,INDX1,®),T2(INDX4, INDX1,S) 08830
DIMENSION A(8,9),AB(8,8),COE(8) 00840

CALL AMAT(DRO, INDX4¢, INDX1,DT,T,T1,T2,A,SIGN,DR1) 08850

DO 7 II=1,8 00060

DO & JJ=1,8 cee70

6 AB(II,JJ)=A(II,JJ) ose80

7 COE(II)=A(II,9) 08890
CALL MATINV(AB,COE,8,8,1,DET,KS) 08900
IF(KS.EQ.1) GO TO 3 08910

DO 9 L=1,8 08920

9 T(J,K,L)=COE(L) 08930
RETURN 08940

3 WRITE (1,4) 08950

4 PORMAT( *SINGULAR AT REGULAR INNER TWO DIMENSIONAL POINT - A -*) 08960
STOP 08970

END 08980

(o 08990
c 09000
SUBROUTINE GINTER(DRO, INDX4, INDX1,DT,T3,T4,T,3IGN,DR1,N1) 09010

c 09020
AR AR R AR AR AR AN AR AT AN RN RAARNRRREANRNRIRRRR R X XAX090I0
c LEADING INNER TWO DIMENSIONAL POINT — K — 09040
c CALCULATED BY INTERPOLATION ALONG THE REFLECTED LONGITUDINAL WAVE 09050
Pl T T R P I P P e P L P P I R L e T L L2 a L Y Vel 1o
c 09070
COMMON/ALL/I,TOW,R,Z,K,J,DT5,ALFA, BETA, BETA2, G2, BG, CBA, CABA, PIES, NO908O
DIMENSION T(INDX4,INDX1,8),T3(INDX1,8),T4(3,8) 09090
Y=TON-( R~DRO ) 09100
IF(SIGN.EQ.-1.0)Y=TOW-2.0*DR1+DRO+R 09110
X=(Z*Z/Y+Y)/2. 09120
RK=(X~-Y)/% 09130
TETAL=ATAN( RK )/PIES 09140
TETA=1.-TETAl 09150

RK=( TOW-X )/DT+1. 09160
IP(SIGN.EQ.-1.0 )RK=2*N~I+1+X/DT 09170
KA=IFIX{RK) osl1s0
KB=KA+1 09190
C2=RK-FLOAT( KA ) 09200
Cl=l.~C2 09210

DO 154 L~1,8 09220

154 T(J,K,L)»TETA*(C1*T3(KA, L)+C2*T3(KB,L) }+TETAL*T4(1,L) 09230
RETURN 09240

END 09250

c 09260
c 09270
SUBROUTINE DIAG(DRO,INDX4,INDX1,DT,T,T1,T2,T4,SIGN,DR1) 09280

c 09290
VN R AR AR A AR AN TR RN ARRRARINNNRRRARRNRA AR R R®09 300
c INTERMEDIARY TWO DIMENSIONAL POINT — L — 09310

c"""*'I'ﬁ"""'*'*"'*""".'ﬂ""'""'Qi""'RQ'*'Q"'"""*""fo”zo

¢ 09330

Sikad

ebiicheu ettt i an

il i

ek ol

L i




85
COMMON/ALL/I,TOW,R,Z,K,J,DTS,ALFA, BETA, BETA2, G2, BG, CBA, CABA, PIES , NO9340
COMMON/AA/B1,B2,B3,BS,B6,B9 09350
DIMENSION T( INDX4,INDX1,8),T1( INDX4,INDX1,8 ), T2( INDX4,INDX1,8) 09360
DIMENSION | 9),AB(8,8),COE(B),E(B8),T4(3,8) 09370
Bl=DTS 09380
B2=Z*DT/(2.*(2+2.*DT)) 09390
IP(SIGN.EQ.1.0)GO TO § 09400
BT=Bl 09410
Bl=B2 09420
B2~BT 09430

S B3e(Z+(1.-BETA)*DT-SQRT(( DT—BETA*( Z+DT ) )**2+(1.-BETA2 )*Z**2)) 09440
+/(2.%(1.~-BETA2)) 09450
BS=DTS 09460
B6=2Z*DT/(2.*(2.*Z+DT)) 09470
B9=( Z+DT-SQRT( Z*Z+DT*DT) )/2. 09480
CALL AMAT(DRO, INDX4, INDX1,DT,T,T1,T2,A,SIGN,DR1) 09490
DO 7 II=1,8 09500
DO 6 JI=1,8 09510
6 AB(II,JJ)=A(II,JJ) 09520
7 COE(IXI)=A(II,9) 09530
R2=R+2.0*B2 09540
CALL ENV( INDX4, INDX1,DT,Z,R2,E,T,T1,T4,B2) 09550
COE(1)=E(7)*(1.4B2/R2)+E(2)*(1.+ALPA*B2/R2 )-B2*E(1)/R2 09560
++B2*( ALPA*E( 2 )+E( 7 )-E( 4) )/R2 09570
Z6=Z+2."86 09580
CALL ENV( INDX4, INDX1,DT,Z6,R,E,T,T1,T4,B6) 09590
COE( S )=E( 4 )+E( 5 )+B6 *ALFA*E( 2 )/R+B6*E( 8 }/R 09600
CALL ENV( INDX4,INDX1,DT,Z,R,E,T,T1,T4,B9) 09610
COE( 2 )=E( 7 )+B9*( E( 3 )+ALPA*(E(2)/R+E(6))) 09620
COE( 3 )=E( 4)+B9*( E(6 }+ALFA*(E(2)/R+E(3))) 09630
COE( 4)=E(1)+B9*(E(2)/R+ALPA*(E(3)+E(6))) 09640
R3=R-2.0*B3*BETA 09650
CALL ENV(INDX4,INDX1,DT,Z,R3,E,T,T1,T4,B3) 09660
COE( 8 )=E(8)*(1.0-SIGN*3,0*BETA*B3/R3 )-E( 5 )*( SIGN*BETA+B3*BETA2/R3 )09670
CALL MATINV(AB,COE,8,8,1,DET,KS) 09680
IP(KS .EQ. 1) GO TO 3 09630
DO 209 L=1,8 09700
209 T(J,K,L)=COE(L) 09710
Bl=DTS 09720
B2=DTS 09730
B6=DTS 09740
B3=G2 09750
B9=DT 09760
RETURN 09770
3 WRITE (1.4) 09780
4 PORMAT(* SINGULAR AT INTERMEDIARY TWO DIMENSIONAL POINT - L -*) 09790
STOP 09800
END 09810
c 09820 v
c 09830 ’
SUBROUTINE ENV( INDX4,INDX1,DT,ZL,RL,E,T,T1,T4,BL) 09840
c 09850




c"'*'t"t'i'tt"t*'t!'ttt't**"Qt"’""t'."'*'*".""t!i"'."'*t"'o"‘o

c VALZS OF VARIABLES L ARE CALCULATED AT THE INTERSECTION OF TRE 09870
c BICHARACTERISTIC CURVES FROM A POINT ON THE DIAGONAL AND THE 09860
ct"!ttt*w!lt"t'tltttI'I'!'l't*tttt'tt!t"tt!!l!'ttt"tlttt"'tl"'-"tos.’o
¢ 09900
COMMON/ALL/I, TOW,R, Z,X,J,DT5,ALFA, BETA, BETA2, G2, BG, CBA, CABA, PIES,NO9910
DIMENSION T(INDX4,INDX1,8),T1(INDX4,INDX1,8),T4(3,8),E(8) 09920
Cl=2,0*BL/DT 09930
C2=1.0-C1 09940
THETA=ATAN( ZL/( ABS( RL-R )+DT) )/PIES 09950
THETAl=1.O0-THETA 09960

DO 10 1=1,8 09970
E(L)=C1*( THETA*T1(J,K~-1, L)+THETAL*T4(2,L) )+ 09980

+C2*( THETA*T( J+1,K-1,L)+THETAL*T4(1,L)) 09990

10 CONTINUE 10000
RETURN 10010

END 10020

c 10030
SUBROUTINE RBOUND(DRO, INDX4,INDX1,DT,Q.Q1,Q2,Q4,Q7,J1,SIGN,T,ZA, 10040

+ N1,DR1) 10050

c INTERMEDIATE TWO-DIMENSIONAL POINTS —— L~— 10060
COMMON/ALL/I,TOW,R,Z,K,J,DTS,ALPA, BETA, BETA2, G2, BG,CBA, CABA, PIES,N10070
COMMON/AA/B1,B2,B3,BS5,B6,B9 10080
COMMON/FO/FP,FB,FR 10090
DIMENSION ZA(N1) 10100
DIMENSION T( INDX4,INDX1,8),QJ(2,INDX1,8) 10110
DIMENSION Q( INDX4,INDX1,8),Q1(INDX4,INDX1,8),Q2(INDX4, INDQ,8) 10120
DIMENSION A(8,9),AB(6,6),COE(6),E(8),04(3,8) 10130
R=PFLOAT( N ) *DT+DRO 10140

DO 200 Me=1,N1 10150
ZN=SQRT( FLOAT( (I+N-2*M+2)*(I~N) ) ) 10160
Z=2ZN*DT 10170

ZA( M )=2N 10180

NZ~ZN 10190
IP(M.EQ.1)GO TO 200 10200
QJ(1,M,7)=(( ZN~-FLOAT(NZ))*T(NZ+2,N1,7) 10210

++( PLOAT(NZ+1 )~ZN ) *T(NZ+1,N1,7) ) 10220
QJI(1,M,8)=—(( ZN~FLOAT(NZ ) )*T(NZ+2,N1,8) 10230

+ +(PLOAT( NZ+1)-2ZN)*T(NZ+1,N1,8) ) 10240
Bl=0.25*%( TOW-R+DRO-Z**2/({ TOW+R~-2.0*(M-2 )*DT-DRO) ) 10250
B9=0.5*( TOW—( M=2 ) *DT-SQRT( Z**2+( R~(M-2 )*DT-DRO)**2) ) 10260

BS®=0 .25 *( TOW+Z-( M—2 ) *DT+( R~(M—2 ) *DT~DRO ) * *2/( Z-TOW+( M~2 )*DT) ) 10270

IP(BS .GT. DTS) B5=DTS 10280
B6=0.25*( TON=-Z—( M~2 )} *DT—( R~( M~2 ) *DT—DRO ) **2/( TOW+Z~( M—2 ) *DT) ) 10290

CALL AMAT(DRO, INDX4, INDX1,DT,Q,Q1,Q2,A,SIGN,DR1) 10300

CALL RINT(A,8,9,1,7) 10310

DO 7 IIe=l,8 . 10320

DO 6 JJ=1,8 10330

6 AB(II,JJ)=A(II,JJ) 10340

7 COE(1II)=A(I1I,9) 10350
RA=TOW-( M-2 ) *DT 10360
RB=TOW-(M-1)*DT 10370

e e -
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TA=ASIN( DT*SQRT(PLOAT( (I+N-2%(M-2))*(I-N) ) J)/RA ) 10380
IF(I.EQ.N1)GO TO 8 10390
TB=ASIN( DT*SQRT(FLOAT( (I-1+N-2%(M-2))*(I-1-N) ) )/RB ) 10400
8  CONTINUE 10410
Rl=R+2.0*Bl 10420
T2=ATAN(Z/(R1 - (M-2)*DT -~ DRO) ) 10430
CALL ENV1(R1,2,T2,TA,TB,Bl1,E,QJ,Q4,DT,M, INDX1,N1) 10440
COE( 6 )=E(7)*(1.-B1/R1)-E(2)*(1.-ALFA*Bl/R1 )+B1*E(1)/R1l 10450
4+ +B1*(ALPA*E(2) - E(7) + E(4) )/R1 10460
COE( 6 )=COE( 6 )=(1.+2.*B1/R)*QJ(1,M,7) 10470
Z6=2+2.0*B6 10480
T6=ATAN( 26/( R-( M~2 ) *DT-DRO) ) 10490
CALL ENV1(R,Z26,T6,TA,TB,B6,E,QJ,Q4,DT, M, INDX1,N1) 10500
COE( 'S )=E( 4)+E( 5 )+B6 *ALFA*E( 2 )/R+B6 *E( 8 }/R 10510
COE( 5 )=COE( S )+B6/R*QJ(1,M,8) 10520
T9=ATAN(Z/(R-(M-2)*DT-DRO ) ) 10530
CALL ENV1(R,Z,T9,TA,TB,BS,E,QJ,Q4,DT,M, INDX1,N1) 10540
COE( 2 )=E(7)+B9*( E(3)+ALFA*(E(2)/R+E(6) ) ) 10550
COE( 2 )=COE(2)-QJ(1,M,7) 10560
COE( 3 )=E( 4)+B9*( E(6)+ALPA*(E(2)/R+E(3) ) ) 10570
COE( 4)=E(1)+B9*( E(2)/R+tALPA*(E(3)+E(6) ) ) 10580
IF(B5.EQ.DTS)GO TO 9 10590
Z5=Z-2.0*B5 10600
TS=ATAN( 25/( R—( M~2 ) *DT-DRO ) ) 10610
CALL ENV1(R,25,TS,TA,TB,BS,E,QJ,Q4,0T,M, INDX1,N1) 10620
GO TO 11 10630
9 DO 10 L=1,8 10640
10 E(L)=(2ZN-FLOAT(NZ))*Q1(N2Z+1,N1, L )+( FLOAT( NZ+1 )-ZN )*Q1(NZ,N1,L) 10650
11 CONTINUE 10660
COE( 1)=E( 4)~E(S )+BS*ALFA*E( 2 )/R-BS*E( 8 )/R 10670
COE( 1)=COE( 1)+BS/( Z+DRO)*QJ(1,M,7) 10680
+ ~BS/R*QJ(1,M,8) 10690
IP(M.EQ.N1 )COE(1l)=A(1l,9)+BS/(Z+DRO)*QJ(1,M,7) 10700
+ -BS5/R*QJ(1,M,8) 10710
CALL MATINV(AB,COE,6,6,1,DET,KS) 10720
DO 209 L=1,6 10730
QJ(1,M,L)=COE(L) 10740
209 CONTINUE 10750
200 CONTINUE 10760
Bl=DTS 10770
BS5=DT5 10780
B6=DTS 10790

B9=DT ‘ 10800 |
RETURN 10810
END 10820
c 10830
c ; 10840
SUBROUTINE ENV1(RL,ZL,TETA,TA,TB, BL,E, QJ,Q4,DT, M, INDX1,N1) 10850
C"'tiﬂiﬁwitﬂ***'itt’!"tit'tw't'**!tt’tfi!tt'ﬂQt"t**'**I"*"'t"i*"ﬁloeso
c CALCULATION OF QUANTITIES AT TERMINAL POINTS BICHARACTERISTIC 10870
c CURVES OF POINTS =-— M~— 10880
ct'!""'Qt"'*"t'tttt!tttt'w'ttt*ttt'tIt*tttttt*'*tI'tt*tt'ttt!t*'ttt'lo'so




DIMENSION QJ(2,INDX1,8),Q4(3,8),E(8)
TTASTETA/TA
TTAl=l.0-TTA
IP(I.EQ.N1)GO TO 8
TTB=TETA/TB
GO TO 9
8 TTB=0.0
9 CONTINUE
TTBl=1.0-TTB
C2=2.0*BL/DT
Clwl.0-C2
DO 10 L=1,8
E(L)=C1*{TTB*QJ(2,M-1,L)+TTB1*Q4(2,L) )

+ 4+C2*(TTA*QU(1,M~1,L)+TTA1*Q4(1,L) )
10 CONTINUE
RETURN
END
c
c

SUBROUTINE RINTER(Q,QJ,Q4, INDX4, INDX1,ZA,N1)

c INTERMEDIATE TWO-DIMENSIONAL POINTS — N —-

ct""*"I"l**'"t'*'"ﬂ't't""*l"'*Ittt**"!'***"t'*"""*'ﬂ*'**'*

DIMENSION ZA(N1)
DIMENSION QJ(2,INDX1,8),Q4(3,8),Q(INMDX4,INDX1,8)
YoI-2*N-1+K
X=0.5*Y+0.5*PLOAT( (J-1)*(J-1))/Y
A=X-FLOAT( I-N)
AJAX=X*X~A*A
AJ=SQRT( AJAX)
AJM=( FLOAT( I*I-N*N)~AJ*AJ)/FLOAT( 2*(I-N))+1.0
TIK=ASIN( FLOAT(J-1)/X )
TAJ=ASIN(AJ/X)
TETA=TJK/TAJ
i M=ATM
Cl=(ZA(M)-AJ)/(ZA(M)-ZA(M+1) )

DO 10 L=1,8 : :

10 Q(J.K,L)=TETA*(C1*QJ(1,M+1,L)+(1.-C1)}*QJ(1,M,L))+(1.-TETA)*Q4(1,L)
RETURN
END

SUBROUTINE MATINV(A,B,N,N1,MSUB,DET,XS)
DIMENSION A(1),B(1)

TOL=0.0

KS=0

JI==N

DO 65 J=1,N

JY=J+1

JI=JT+N+1

BIGA=0.0

COMMON/ALL/I,TOW,R,Z,K,J,DTS,ALFA, BETA,BETA2, G2, BG,CBA, CABA, PIES ,N10900

10930
10920
10930
10940
10950
10960
10970
10960
10990
11000
11010
11020
11030
11040
11050
11060
11070
11080
11090
11100

c’f"""t***lQ**I*"'*'t"Ql"*t*t*ttt****Itt"i*"Q"*tf***".**'**"'11110

11120
11130

COMMON/ALL/I,TOW,R,Z,K,J,DTS,AL’A, BETA, BETA2, G2,BG,CBA, CABA,PIES,N11140

11150
11160
11170
111680
11190
11200
11210
11220
11230
11240
31250
11260
112 3
11280
11290
11300
11310
11320
11330
11340
11380
11360
11370
11380
11390
11400
lielc
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Tore——r

20
30

35

S0

$s

60
65
70

80

IT=JI=J

DO 30 I=J, N

IJeITHI
IP(ABS(BIGA)-ABS(A(1J)))20,30,30
BIGA=A(1J)

IMAX=X

CONTINUE
IP(ABS(BIGA)-TOL)3S,35,40
KS=)

RETURN

Il=J+N*(J-2)

IT=IMAX~J

DO 50 K=J,N

Il=I1+N

I2«X1+IT

SAVE=A(Il)

A(I1)=M12)

A(I2)=SAVE
A(XI1)=A(Il)/BIGA
SAVE=B( IMAX)

B( IMAX)=B(J)

B( J )=SAVE/BIGA
Ir(J-N)585,70,85
IQS=N*(J-1)

DO 65 IX=JY,N
IXI=IQS+IX

IT=J-IX

DO 60 JX=JY,N

IXTX=N*( JX-1 )+IX
JIX=IXIX+IT

A IXIX )=A( IXIX)~( A( IXJ ) *A( JIX) )
B( IX)=B( IX)~(B(J)*A(IXJ))
NY=i-1

ITwi*N

DO 80 J=1,NY

IA=IT-J

IB=N-J

IC=N

DO 80 K=1,J
B(IB)=B(IB)~A(IA)*B(IC)
IA=IA~-N

IC=IC-1

SUBROUTINE RESULT( RME,DRO,DR1,DT,I,F?, INDX4, NI, T,T1,13,M)
COMMON/RE/IPROM, ITILL, INRITE, 171, IPRINT, RPRINT

COMMON/PRINT/JPRINT( 9 ), KPRINT( 9)

DIMENSION T(INDX4,INDX1,$),TL(INDX4, INDX2,S8)

IF(IJ .EQ. 2) GO 70 90
IJ1=1




IP(IFPRINT .EQ. 1) GO TO 78

73 CALL OUTP(RME,DRO,DR1,D?,I,PPF,INDX¢,INDX1,T1)
I3=2

90 IF(I .GT. ITILL) RETURN
a0 T0(100,200,200) IPRINT

100 IF(I .NE. IFROM ) RETURN
IPROM=IFROM+IVRITE
CALL OUTP1(DRO,DT,I,INDX4,INDX1,T,N1)
RETURN

200 CALL OUTP2(DRO,DT,I,INDX¢,INDX1,T,T1)
RETURN

300 IF(I .NE. IFROM) GO TO 310
IPROM=IFROM+IWRITE
CALL OUTP1(DRO,DT,I,INDX4,INDX1,T,N1)

310 CALL OUTP2(DRO,DT,I,INDX4,INDX1,T,T1)
RETURN
ZND

SUBROUTINE OUTP(RNE,DRO,DR1,DT,I,PF,INDX4,INDX1,T1)

Qa0 o000

t A A AR A 222 R 2R Rt il a it dd a2 dl i sR it llyelylld ]

FRINTS THE VALUES OF THE INPUT CONSTANTS AND THX INITIAL b
CONDITIONS .

REBRRARRRERIAR AR R NI RRARRRRNAN AR AAA AN RN ARRN NN TNV NRNR

N NeNe

DIMENSION T1(INDX¢,INDXL,S8)
INDEX=INDX1-1
CALL DATE(MDATE)
WRITE(L,9) NDATE
WRITE (1,10) RME,DRO,DR1,PP,DT,INDEX
9 FORMAT(A12/* TRANSIENT RESPOMSE OF SEMI-INFPINITELY LONG*
+* TUBE SUBJECT 70 ABRUPTLY APPLIED LOAD(CASE 1)*//
+* DURATION TIME OF LOAD = DPERMANENT*/* WIDTH OF LOAD*
+* o SEI-INPINITE*/)

10 PORMAT( * THE INPUT CONSTANTS */21(1E~)//*POISSON'S RATIO =¥,
+75.3,/*IMMER RADIUS =*,F4.2/*0OUTER RADIUS =t#,P4,2/*N0N-%
+*DIMENSOINAL SIRR »*,P4.2/*STEP SIZE FOR INTEGRATION =*,P¢.&/
+*NUMBER OF TIME STEPS =*,13///* THE INITIAL CONDITIONS *
+7(TIME T=0.0)*/38(1H~)/) _

WRITE (1,20) (T2(1,1,L),TA(2,1,L),1=1,8)

20 FORMAT( *"POINT - R=1.0 2=0.0%,27X,*POINTS ~ N=1.0 $£,0.0%/
+20(18~),27X,21(18=)//2(* SITT =*,P7.4,32X)/2(* UR =*,P7.4,31X)/ 13360
+2( *DURDR =*,P7.4,32X)/2(* SIZZ =*,P7.4,32X)/2(* UR =v,P7.4,32X) 14370

)
121940
11980
1209
11900
11990
12000
12010
12020
12030
12040
12080
12060
12070
12080
120%0
12100
12110
12120
12130
12140
12180
12160
12170
12190
12190
12300
12210
13220
12230
12260
12280
12260
12270
12280
13290
12300
1230
12320
12330
13340
12380

.
|
|
L
1
'
1
i
]

+/2( *DUZDE =*,P7,.4,32X)/2(* SIRR =*,P7.4,32X)/2(* SIRE =*,7.4, 12300
+32X)/72(18-)/) 13990
AETUIN 15600

o 12420

c 12420
c 12430
SUBROUTINE OUTP1(ORO,DT, I, INDX4, INDXL,T,N1) 12600

< 12480

]

r
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ct'attttttatttntw-'wttt'tt'wttttt-ttttt-t'ittta-tttwtt-u-p'ttqtvinttmu“o
c PRINTS VALUES OF VARIABLES L AT SPECIFIED TINE FOR FOINTS (J,K) 12470
<] POR J=), INDEX+4 AND K=}, INDEX+1 13

c."."'ttt.t""'.'!"..""'.Q"""""""ﬂ.""'Q'*I'i'"'."".".a‘

c 12800
DIMENSION T(INDX4,INDX1,8) 12820

30 TOW=PLOAT( I )*DT 12820
WRITE (1,40) TOW , 12830

40 PORMAT(//* AT TIME Tw=,P7.4/19(18-)//35X, *Z*,8X, *R*,7X, *SIRR*,8X, 12540
+*SITT*, 5X, *SIZZ*, 5X, *SIRZ*, 6X, *UR*, 7X, *0Z*/72( 18-)) 12580
IA=I+1 12860
IC=I+3 12870

XX=1 12800
IF(MOD(I,2) .EQ. 0) KK=2 . 12890

DO 60 J=1,IC 12600
XX=3-XK 12610
Z=DT*PLOAT( J-1 ) 12620
WRITE (1,50) - 12630

50 PORAT(* *) 12640
DO 60 K=KK,N1,2 12680
R=PLOAT(K~1 ) *DT+DRO ’ 12660
WRITE (1,70) 2,R,7(J.K,7),7(J,K,1),(J,K,4),2(J,K,8), 12670

+ ™NJI.K,2),JI.K,S5) ' 12680

60 CONTINUE 12690

70 PORMAT( 8( 2X,P7.4)) . 12700
WRITE (1,80) 12720

80 PORMAT(72(18-)) 12720
RETURM 12730

oo o 12740

¢ 12780
SUBROUTINE OUTP2(DRO,DT,I,INDX4,INDX1,T,T1) 12760

c - 12770

c..'"t"""""""t"..'*"Q*t.""."'""."'""."""‘.."""Q"um

C  PRINTS VALUES OF VARIABLES L FOR SPECIFIED POINTS (JPRINT,KPRINT) 12790
c""".""'.t""""""*"""'..."'"""""."'."'.""'.."."'um
c 2820
COMMON/RE/IFROM, ITILL, INRITE, IJ1, IPRINT, KPRINT aze20
COMMON/PRINT/JPRINT( 9 ), KPRINT( 9)
DIMENSION T(INDX4,INDX1,S),T1(INDX4,INDX1,0)
DIMENSION R(9),Z(9),TOW(51),VAR(9,51,8) .. aaes0
IP(I71 .ME. 1) GO TO 100 12000
IN=2 12070
DO 10 JJ=1,NPRINT
R( 37 )=FLOAT( KPRINT( JJ ) ) *DT-DT+DRO
(33 Y=PLOAT( JFRINK( JJ ) ) "DF-DT
10 cowrmwe _
DO 20 L=1,8
DO 20 Lim=1,NPRINT
J10=IPRINT( LL)
K1O=KPRINT( LL)
TOW(1)=0.0
VAR(IL,1,L)=P1(J10,K10,L)




Lo i

2

20 CONTINUE 12900
100 IP(MOD(I,2) .2Q. 1) RETURN 13990
ID=l/24) 13000
TOW IP )=PLOAT( I )*DT 13848

DO 120 JJ=1,NPRINT 13020
J10=JPRINT(JT) 13030
K10=KPRINT( JJ ) 13040

DO 110 L=1,0 13080
VAR(JJ, IP,L)=( J10,K10,L) 13080
110 CONTINUE 13070
120 CONTINUE 13080
300 IF(I .LT. ITILL) RETUM 13090
DO 340 JJ=1,NPRINT 13100

WRITE (2,310) JJ,R(JIT),&(JIT) 13110
C 310 FORMAT(///5X,12,SX*THE POINT: R =*,P7.4,2XvZ o*,P7.4/3X,45(18~) 13120
L+ + //7X*TOW* , EX*SIRR?, §X*SITT*,6X*SIZZ*, 6X*SIRZ*, 7X*UR®, $X*UZ*/ 13130

c +72(18-)) 13140
310 FPORAAT( 12,2PF7.4) 13180
DO 330 KK=1,IP 13160
WRITE (2,320) TOW(KK),VAR(JJ,KK,7),VAR(IT,XK,1),VAR({IY, KK, &), 13170
+VAR(JJ, KK, 8), VAN 3T, KK, 2), VAR( JJ, KK, § ) 13180

320 PORMAT( 7(3X,P7.4)) 13190
330 CONTINUE : 13200

c WRITE (2,338) 13210
338 FORMAT(72(1E~)/) 13220
340 CONTINUEK . 13330
RETURN 13240

=0 13280
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PROGRAX TRES2(OUTPUT, TAPES, TAPES ) 00010

c .'t'Q'Qt"t.'t"t'tl'Qtt."lt'tt't""'-"'Qt.'.'"""'..“.m."."m
C CASE 2: TO ONTAIN THE TRANSIENT RESPONSE OF AN INFINITELY 1ONG, 00030
¢ THICK CYLINDRICAL SEELL 70 AN EMBEDDED CYLINDRICAD LOAD 00060
c BY TWO-DIMENSIOMAL METHOD OF CEARACTERISTICS. THE LOAD 00080
< maxsmnmmum.nmxmm 00080
c LENGTE OF THE SHELL FROM Z=0 TO ZS=INPINITY. 00070
c 00080
c . . . =~00090
C COORDINATE SYSTEM FOR THE ARRAYS USED IN THE PROGRAM: 00100
c 00110
C J ~ COOFDINATE FOR Z-AXIS. J=1 AT 2=0.0. 00120
€ K - COORDINATE FOR R-AXIS. K=1 AT R=DRO. 00130
c n-mmmmm 1-sm 5 - 08 00140
c 2 - ¢ - DURDE 00130
c 3 - w,lu 7 - SIRR 00160
c 4 - 3122 s - sIR2 00170
C NT - TINE COORDINATE. 1 — TOW, 2 - TOW-OT, 3 — TOW-2'DT 00100

c 00190
c 00200
c 00210
C INPUT DATA 00220
c A : 00230
¢ n — NOMEER OF DIVISIONS ACROSS TNICKNESS OF CYLINDER 00240
X e —— TOTAL WRGER OF mu(m BB 2'R){MAXDIEM 30) 00280
c DRO — INTERMAL RADIUS 00260
c Rl —— EXTERNAL RADIUS 00270
mME  — POISSON'S MATIO 00200

rr — DIMENSIONLESS LOADING INTENSITY 00290

‘ A 00300

THE PORM OF OUTPUT IS SELECTED BY SPECIFYING IPRINT M) INPUT 00310

THE INFORMATION REQUIRED FOR THE OUTPUT 00320
00330

IPRINT PORM OF OUTPUT 00340

00350

i PRINT FJOR A SPECIFIED TIME 030

2 PRINT POR A SPECIFIEZD POINT 00370"

3 PRINT FOR BOTE SPRECIPIED TIME AND FOINTS 00380

00390

00400

IPROR — STARTING TIME POR PRINTING 00420 4

ITILL — TIME POR TERMINATION OF FRINPING 00420
IVRITE = TIME INTERVAL OF PRINTING 00420
WPRINT ~—— NOMEER OF POINTS SPECIPIED (MALINUM 9) )
JPRINT ——m 3 = COORDINATE OF SPECIPIED JOINTS 00480
KPRINT ——m K = COOBDINATE OF SPECIPIED JOINTS 00080
't"ttt'tll!"‘lt'ttt!tb‘""."""""'I""'Q""'!"'M'“MQ'"“M
00490

COMMON/PO/FP,PB, PR, Fi




= =

! COMMON/ALL/X, TOW, R, 3,K,J,DFS , ALFA, BETA, BETAZ, G2, 3G, CBA, CABA, PIES,
: COMMOR/RE/IFROM, ITILL, IWRITE, 171, IPRINT, KPRINF
COMMON/PRINT/JPRINT( 9 ) , KPRINK(9)

DIMENSION T3(31,8),TT(34,8)

DINENSTON Q3(32,0),07(2,91,0)

DIMERSION WM(21)

wu.u.n.n(u.n.n,n( 34,31,8),TOMI(34,31,8)
COMMDR/QN/Q( 34,31,8),Q1(34,31,8),02(34,31,0)

S | S

naon

é DATA INDEX,N,DRO,DR1, RNE,FF/30,1S, 1..1 30,.19,1. o/
PATM( JPRINT(N),¥=1,2)/2,2/

DATA( KPRINT(X),M=1,2)/1,2/

DATA IPRINT, IPROM, ITILL, INRITE, MII,J..’O,I Y/
M=+l

MDA ~INDEX+1

INDX4=INDEX+4

CALL GALIN(RME,DRO, INDEX, INDXL, INDX4,T3,TT,
+DR1,Q3,Q7,ZA,M1)

sTOoR

20

on

SUBROUTINE GALIM(RNE,DRO, INDEX, m.m.n 7,
aQ’.N:non)

R R

c
CREN AR RN AP AN AA NN AN AN ANAV AN AN AN AN N TN OCNO OO OO SOVEveeveee OOT70 —
c PURPOSE: TO PIX THE CPF INTEGRATION * 00700
e 22 22T 2222 202 PR 2 AT 22 ATl t Do dadadd ot il ladotdl] m
c
COMMON/ALL/I,TOW,R, %, K, J, 0TS ,ALFA, BETA, BETAZ ,, G2, 00, CHA, CABA, FIES,
! COMMON/PRINT/TJPRINT( 9 ) , KPRINT( 9 )
i COMMDN/RE/ IPROK, ITILL, IVRITE, 171 , IPRINT, MPRINY
i CONKN/PO/FP, B, FR, P
1 CONMDN/AN/B],B2,53,85,86, B9
COMMON/LINK/BD( 0 )
| DINENSION TA(M))
COMDN/TH/T( 34,31,8),7T1(34,31,0),72(34,31,8),
+10TAL{ 34,31,8)
CONIDN/QN/Q( 34,31,8),91( ‘4:3’.. 2),Q02(34,31,6)
DIMENSION TI(INDX1,8),T4(3,8),TT(INDKse,8)
DINERSION Q3(IWDX1,0),04(3,8),03(2,I000.,8)

anon

CAICUTATION OF THE CONSTANTS

Phe-rr

PRE=0.

DI=( DIL-DRO )/FLOAT( ¥)
; DTS=DT/2.0

a1 ALFA=/BE/( ). .0~ )

. | BETAZ=(1.0-ALFA)/2.0

QU




BETA=SQRT( BETA2 )
G2=DT/(1.0+BETA)
BG=2.0*RETA*G2
CBA=~(1.0-BETA )/(1.0+B8TA)
CABA=2,.0*BETA/(1.0+BETA)
Bl=DTS

B2=DTS

B3=G2

BS=DTS

Be=DTS

B9=D?

IJ=)

PIES=2.0*ATAN(1.0)

SET ALL ARRAYS EQUAL TO ZERO

DO S0 I=1,8

BD( L)=0.

DO 49 NI=1,3
P4({NT,L)=0.0
Qe(NT,L)=0.0
CONTINUE

DO 30 K=l,INDX1
T3(X,L)=0.0
Q3(X,L)=0.0
QJ(1,K,L)=0.0
O7(2,K,L)=0.0
DO 50 J=1,INDX4
™JI,X,L)=0.0
T2(J,K,L)=0.0
T2(J.K,L)=0.0
TOTAL({J,K,L)=0.0
(J,K,L)=0.0
Q1(J,K,L)=0,0
Q2(J3,K,L)=0.0
CONTINUE

INITIAL CONDITIONS

PL=ALPA

P2=1.0

T1(1,1,7 )=PP/DRO**P2
T1(1,1,1)=ALPA*T1(1,1,7)
T>(1,1,2)=-T1(1,1,7)
T1(1,1,3 )=P2*PP/DRO**(P2+1. )
T1(1,1,4)=P1*T1(1,1,7)
T1(1,1,8)=T1(1,1,4)
T1(1,1,0)=0.

T1(1,1,6 )==PP*ALPA*(1.0+ALFA)/2.0
DO 88 J=2,INDX4

T1(J,1,7 )=FF/SQRT(DRO )
T1(J,1,1)=ALPA*TL(T,1,7)




ona

100

110
108

118

130

T1(J,1,4)=T2(J,1,1)
n(J,1,2)Ti(J3,2,7)
T1(J,1,3)=0.5*FF/DRO**1.5
CONTINUE

DO 60 I=1,9
T4(1,L)=T1(1,1,L)

DO 60 J=),INDX%
™(J,5L)=T1(J,1,L)
CONTINUE '

DO 2000 I=1,INDEX
SIGN=1.0

TOW=I*DT

IASI+)

IAl=IA

IB=I+2

IC=I+3

Xx=3

DO 1000 JN=2,IC
KK=$-KK

J=I+4~T
Z=PLOAT( J ) *DT-DT

IP(JM .GT. 3) GO TO 200
IF(JM .2Q. 3) GO TO 300

K=l

R=DRO

CALL LOADED(DRO, INDX4,INDX1,DT,T,T1,T2,SIGN,DR1)
IFNI .EQ. 1) GO T0 105

DO 110 K=2,1I

R=PLOAT( K ) *DT-DTH+DRO

CALL GENER(DRO, INDX4,INDX1,DT,T,T1,T2,SIGN,DR1)
CONTINUE ‘
KeI+l

R=FLOAT( I )*DT+DRO

CALL MAVE(DRO, INDX4, INDX1,T,SIGN,FF)
DO 118 K=1,IA -

DO 1135 JJI=IC, INDX4

DO 118 I=1,8

™JIJ, K, L)»(IB,K,L)

CONTINUE

DO 120 JJ=2,IA

DO 120 1=2,8

T(JJ,IA,L)=T(IB,IA, L)

CONTINUE

Q0 TO 1000

K=1
R=DRO
CALL LEADN(P1,DRO, INDX4, INDX1,T,PP)

01600
01610
01620
01630

01650

01670
01680
01690
01700
01710
01720
01730
01740
01750
01760
01770
01700
01790
01800
01810
01820
01§30
01840
01880

QA

019870
o180
01090
01900

01410 -

01920
01930
01940
01980
01960
01970
01900

0220
02020

02040
02080
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310
320

200

410

28

420

423

430

3

DO 3035 Le=1,®
T3(1,L)*1(J,1,L)
T4(3,L)=27¢(2,L)
*4(2,L)*T¢1,L)
CONTINUE

R=DRO-+TON

T4(1,7 )=PP/R**P2
Ta(1,1)=ALFA*TA(1,7)
T4(1,2)T41,7)

T4(1, 3 )=P22PP/R**(P2+1. )
T4(1,4)=P1*74(1,7)
T4(1,5)T41,4)
T4(1,6)~P41,2)/R
T4(1,8)=0.

IP(I .LE. 2) GO TO 1000
DO 310 X=3,I,2

DO 310 L=1,8

™ J,K,L)~P(IB,K,L)
CONTINUE

G0 TO 1000

IF(J.EQ. 1) GO TO 500

IP(KK .EQ. 2) GO TO 405

K=}

R=DRO

PP

CALL LOAD1(DRO,INDX4,INDX1,DY,T,T1,T2,8IGN,DR1,FRZ)
DO 445 K=KK,I,2

R=PLOAT( K ) *DT-DT+DRO

L= J=1 )*(J=1)=I*I+(K=1)*(K=1)

IP(IM .GT. 0) GO TO 430

ML=K+J-I~-2

IF(ML) 410,415,425

CALL GENER)L(DRO, INDX4,INDX1,DT,T,T1,T2,3IGN,DR1)
GO TO 448

CALL DIAG(DRO,INDX4,INDX1,DT.T,T1,T2,T4,3IGN,DR1)
DO 420 L=1,8 ’
T3(K,L)=2(J,K,L)

CONTINGR

GO 70 448

CALL GIWTER({DRO,INDX4,INDX1,DT,T3,T¢,T,S5IGK,DR1,M1)
GO0 70 448

DO 440 1=1,8

™I K, LyT(IB. K, L)

CONTINUR

CONTINUR

G0 70 1000

IP(KKX .BQ. 2) GO TO 508
Re=l
R=DRO

it




|
” . n
DO 301 L=1,8 02880 '
S01 BOD(L)*r1(I+2,1,L)-71(2,1,L) 02390 '
BD(S )=-BD(S) 02800 " ‘
=FP ) 02610
CALL LOAD1(DRO, INDX¢,INDX3,DT,T,T1,T2,S5IGH,DR1,PRS) 032630 ]
508 IF(I .LE. 2) GO TO 518 02630 U
IAN=I-1 02640
DO 510 K=KK,IAN,2 02680
RePLOAT( K ) *DT-DTNHDRO 02660 [
DO 506 L=1,8 02670 Ui
$S06 BD(L)wT1(I+2,K,L)-T1(2.K,L) 02600 .
BO( 3 )=BD(S) 02690
'f CALL GENER(DRO, INDX4,INDX1,DT,T,T1,T2,5IGH,DR1) 02700
$10 CONTINUE 02710
515 KeI+l 02720
DO 820 Le1,8 02730
™J,K,L)=Pe(1,L) 02740
$20 CONTINUE = . 02780
1000 CONTINUE 02760 .
SIGN=-1.0 02770 :
IP(I-N)1985,598,604 : 02790 §
c INITIAL REPLECTED COMDITIONS 02790
S99 CONTINUE 02900 P
Q1(1,M1,7 )=PR/DR1**P2 02810 i
Q1(1,M1,1)=ALPA*Q1(1,M1,7) 02820 -

3 ) Q1(1,M1,2)=-SIGN*Q1(1,N1,7) 02090 .
Q1(1,M1,3 )=SIGN*P2*FR/DRL**(P2+1. ) 02040 J
Q1(1,M1,4)=RP1*Q1(1,N1,7) 62830
Q1¢1,M1,8 )==Q1(1,N1,4) 02060
Q1(1,M1,6)=01(1,N1,2)/DR1 . 02070 :
91(10"10.).00 . 03..0 !
DO 600 J=2, INDX4 02890 !
Q1(J,N1, 7 )=FR/SQRT(DR1 ) 02900 A
Q1(J,N1,1 )=ALFA*QL(J,N1,7) - 02910 J
Q1(J,N1, 4)=ALFA*QL(J,N1,7) - 02980
Q1(J,N1,2)=-SIGN*QL(J,N1,7) : 02930
Q1(J,N1,3 )=0.S*SIGN*FR/DR1**1. 5 02940 o)

600 CONTINUE 02980 ]
DO 602 L=~1,8 02960 -
Q4(1,L)=Q1(1,M,L) _ 02%70
DO 602 M=1,M1 02980 ]
i QJ(1,M,L)=Q4(1,L) 02990 |
602 CONTINUE 03000
DO 603 J=1, INDX4 _ 03010
DO 603 K=1, INDXY 03020 U
DO 603 L=1,8 03020
NI, K, L)=Q1(J,K,L) 03040
€03 CONTINUE : . 03080 !
GO TO 4000 03Ue0 1
604 IR=I-N 03470
KWsif1-IR ‘ 03000 -
DO 606 1=1,8 03090 U
FINTY TR a I e




100
Q4(3,L)=04(2.1) 03100
Q4(2,L)=Q4(1.L) 03110
606 CONTINUE 03120
RePLOAT( 2*R~1 ) *DT+DRO 03130
Q4(1,7 )=FR/R**P2 03140
Q6(1,1)=ALPA*Q4(1,7) 03130
Q4(1,2)=-SIGN*Q4(1,7) 03160
Q4(1,3 )=SIGN*P2*PR/R**(P2+1.0) 03170
Q4(1,4)=P17Q4(1,7) 03180
Q4(1,5)Q4(1,4) 03190
Q4(1,6)=Q4(1,.2)/R 03200
04(1,8)=0. : 03210
DO 3000 JM=2,IC 03220
JmI+4~-IN 03230
IM=MOD( TN+N, 2 )+2 03240
Z=FLOAT( J-1)*DT 03250
Jl=I-N+1 , 03260
J2=2+SQRT( FLOAT( I*I-N*N)) 03270
IP(J-J1)640,630,610 03280
610 IFP(J.LT.J2)GO TO 620 03290
Ketfl 03300
R=DR1 03310
PB=—T(J,N1,7) 03320
CALL LOADED(DRO, INDX4,INDX1,DT,Q,Q1,Q2,SIGN,DR1) 03330
IP(IR.EQ.1)GO TO 614 03340
DO 612 KR=2,IR 03330
K=N-KR+2 03360
R=~PFLOAT( K ) *DT-DT+DRO _ 03370
CALL GENER(DRO, INDX4,INDX1,DT,Q,Q1,Q2,SIGN,DR1) 03380
612 CONTINUE 03390
614 K=KW 03400
RePLOAT( K-1 ) *DT+DRO 03410
CALL WAVE(DRO, INDX4,INDX1,Q, SIGN,FR) 03420
DO 616 K=KW,N1 . 03430
DO 616 JJ=J2, INDX4 03440
DO 616 L=1,8 03430
Q(J33,K,L)=Q(IB,K,L) 03460
616 CONTINUE 03470
DO 618 L=1,8 03480
DO 617 M=1,N1 03490
QJ(2,M,L)=QJ(1, N, L) 03500
617 CONTINUEZ 03810
QJ(1,1,L)=Q(J2,N1,L) . 03820
619 CONTINUE 03530
DO 619 JJ=2,J2 03540
DO 619 Li=1,8 03880
619 Q(JJ,XW,LL)=Q( IB,KW,LL) 03860
CALL RBOUND( DRO, INDX4, INDX1,DT,Q,.Q1.Q02,04,Q7,J1,SIGN,T,ZA,N1,DR1) 03870
GO T0 3000 03880
620 IP(IM.EQ.2)GO TO 622 03890
KNl 03600
R=DR1 03610
S




10 1
AJN=) . O+FLOAT( I*I-M"N~(J~1)%(J-1))/PLOAT( 2%( I-¥)) 03620
MW=AJINM 03630 '
DO 624 1=1,8 03640 J
I, K, L)=( ATH-PFLOAT(M) )*QJ(1,M+1,L )+ FLOAT(N+L )~ATM)*QT(1,M,L) 03680
624 CONTINUE 03080 .
NI K, 7)=JI,K,7) 03670 i
AJI.K,8)=1(J,K,8) 03800 L
622 DO 629 XR=IM,IR,2 03690
KoN-KR+2 03700
RePLOAT( K-1 ) *DT+DRO 03710 ;
Li=( J-1 )**2~T*T+( 2"N=K+1 ) **2 03720
IP(LM.GT.0)GO TO 626 03730 .
CALL RINTER(Q,QJ,Q4, INDX4, INDX1,ZA,N1) 03760 h
GO TO 629 03780 :
626 DO 625 La=l1,8 03760
Q(J,K,.L)=Q(IB,K,L) . 03770 U
625 CONTINUE 03780 i
629 CONTINUE 03790
GO TO 3000 . : 03800 i
630 K=l 03810 E
Re=DR1 03820
DO 633 L=1,8 03030
UJI. K, L)=QJI(1,M1,L) 03840 3
Q3(MN1,L)=Q(J,K,L) , 03830 j
633 CONTINUE 03860
: IP(IR.LE.2)GO TO 3000 03870 ;
; DO 636 KR=3,IR,2 : 03900
KoN~KR+2 03890 L
IM=(J~1 )" *2=T*T4+( 2*N-K+1 ) *u2 03%00
IP(LM.GT.0)GO TO 634 - 03910
CALL RINTER(Q,QV,Q4, INDX4, INDX1,ZA,N1) ' 03920 L
; " GO TO 636 03930
: 634 DO 635 L=1,8 03940 ~
' J.K,L)=Q(IB,X,L) . 03980
635 CONTINUE 03960 s
! 636 CONTINUE . 03970
| GO TO 3000 03980 1
640 IP(J.EQ.1)GO TO 700 03990 }
IP(IM.EQ.2)GO TO 641 04000
Reif1 04010 )
! ) R=DR1 . 04020
PBaT(J,N1,7) 04030 :
PRZ=~-T(J,N1,8) 04040
CALL LOAD1(DRO, INDX4, INDX1,DT,Q,Q1,Q2,SIGN,DR1,PFRZ) 04080 n
IP(IR.LE.2)GO TO 3000 04060
641 DO 649 KR=IN,IR,2 04070
K=N-KR+2 . 04000
'R=PLOAT( K~1 ) *DT+DRO 04090 n
LM=( J-1 ) **2-T*I+( 27N-K+1 )**2 . 04100
LAm(J=1)##2=( I-N)**2+( N-K+1)**2 04110
=T +2 *N-K-1 ) 041320
IP(ILM.GT.0)G0 TO 647 04130 u
. | .
- L I




102

IF(LA.GT.0)GO TO 646 04140
_ . IP(ML)642,643,645 \‘ : 04180
; 642 CALL GENER1(DRO, INDX4,INDX1,DT,Q,Ql,Q2,SIGN,DR1) 06160
) GO TO 649 : ) 04170
643 CALL DIAG(DRO,INDX4,INDX1,DT,Q.Q1,02,04,5IGN,DR1) 04300
DO 644 L=1,8 . v 04190
Q3(X,L)=(J,K,L) 04200
644 CONTINUE 04210
GO TO 649 ' 04220
645 CALL GINTER(DRO, INDX4, INDX1,DT,Q3,Q4,Q,SIGN,DR1,N1) 04230
GO 10 649 04240
646 CALL RINTER(Q,QJ,Q4, INDX4,INDX1,ZA,N1) 04250
GO TO 649 04260
647 DO 648 L=1,8 . 04270
Q(J.K,L)=Q(IB,K,L) 04200
648 CONTINUE 04290
649 CONTINUE 04300 {
GO0 TO 3000 _ 04210
700 IP(IM.EQ.2)GO TO 70§ 04320
K=l : _ 04330
R=DR1 04340
FBe—1(J,N1,7) : 04380
DO 701 L=1,8 04360
701 BD(L)=Q1(I+2,N1,L)-Q1(2,M1,L) 04370 i
© BD(S)=BD(5) 04200 i
CALL LOAD1(DRO, INDX4, INDX1,DT,Q,Q1,Q2. SIGN, DR, PRS) 043%0 f
708 IP(IR.LE.2)GO TO 715 : 04400 i
DO 710 XR=IM,IR,2 ‘ 04420 :
KeN-KR+2 04420 :
ReFLOAT( X-1 ) *DT4DRO 4 04430 :
DO 706 L=1,8 04440 )
706 BD(L)=Q1(I+2,X,L)~Q1(2,K,L) 04480 §
BD(5 )=—BD(5) 04460 ¥
CALL GENER1(DRO,INDX4,INDX1,DT,Q,Q1,Q2,SIGN,DR1) 04470 §
710 CONTINUE ' 04480 ‘
715 K=KW ‘ 04490 ‘
| DO 720 L=1,8 04800
: Q(J,K,L)=Q4(1,L) 04510
720 CONTINUE 04820 :
3000 CONTINUE 04830 !
4000 CONTINUEZ 04840 :
1985 CONTINUE 04880
DO 1975 J=1, INDX4 , 04860
DO 1975 L=1,8 : 04870
DO 1970 K=1,IAl 048080
TOTAL(J,K,L)=Q(J,K,L)+(J,K,L) 04890
] 1970 CONTINUE . , 04600 .
] IP(I.NE.2*M)GO TO 1975 04610
TOTAI{ J,1,L)=TOTAL( J, 1, L)+T(J,L) 04620
1975 CONTINUE 04630
f CALL RESULT(RNE,DRO,DT,I,PF,INDX4,INDX1,TOTAL,T1,1J,N1, 04640

+TT,DR1,N) 04650




.08 -

DO 1980 J=1, INDX4 04660

DO 1980 L=1,8 04870

DO 1980 K=1,IAl 04600
72(J,X,L)=12(J,K,L) osese
2(J.K, L)X J,K,L) 04700
Q2(J.K,L)=Q1(J,.X,L) 04720
Q1(J.K,L)=(J,K,L) 04720

1980 CONTINUE ¥ 04730
2000 CONTINUE 04740
RETURN 04780

b 04760

c 04770
c 04700
SUBROUTINE AMAT(DRO, INDX4, INDX1,DT,T,T,T2,A,SIGH,DR) 04790

c . 04000
ct‘l.".'tt"tt"t""’.t'""'t".."t"'Q"t"""..".t.'.""'."ﬁ"m
c PURPOSE: TO CALCULATE THE MATRIX AND VECTOR BASED ON MATIIX 2  "04020
c *04830
c COLUMNS 1 TO 8 OF A(II,JJ) REPRESENT THE MATRIX WHILE A(II,9) IS *04040
c THE COLUMN VECTOR SUCR TEAT: *04880
c A(1,9)= (a2) AS,9)= [as) *04060
c AC2,9) A9 A(6,9)= [a1]) *04070
c A(3,9)= A10. N7,9)= [aS) *04090
c A(4,9)= 212 A(8,9)= [a3] _ *04890
CQI"!'t"l"i"."'.!""'lt'll"iﬁQ."Q'."Q'..""""""'"“"m"m
c ' 04820

NnoOOoO

COMMON/ALL/I,TOW, R, Z,K,J, DTS, ALPFA, BETA, BETA2, G2, 3G, CBA, CABA, PIES , 04920

COMMON/FO/YP,PB,FR, PN

DIMENSION T(INDX4,INDX1,$),T1{INDX4,INDX1,®),T2(INDXS,INDX1,S)

DIMENSION A(S,9)
Pery
IP(SIGN.EQ.-1.0)PeFR
DO 600 II=1,8

DO 600 JJ=1,9
A(II,33)=0.0
CONTINUE

CALCULATING TEE MATRIX

A(1,1)=B2/R
A1,2)=1.~2."ALFA*B2/R
A(1,4)=B2/R
A(1,7)=1.~2.*B2/R

ALFAS=B9 *ALFA
ALFASR=ALFAS/R
A(2,2)=-ALFAR
A(2,3)>-B9

M 2,6 )==ALFAY
AM2,7)=.

08140
0s1se
08260
08170

B B
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A3, 2)=-ALFASR
A 3,3 )=ALFA®
aA(3,4)=1.
A(3,6)=B9

Me,1)=.

A 4,2)=—B9%/R
A( 4,3 )=-ALFA9
A 4,6 )=-ALFAY

A(S,2)=-ALFA*BE/R
A(S,4)=1.0
A(S5,5)=1.0
A(S5,8)~-B6/R

A(6,1)=-Bl/R
M‘.z)‘fl-'z-'m'm
A(6,4)B1/R
A6,7)=1.4+2."B1/R

A(7,2)==ALFA*BS/R
AM7,4)=1.0+88/(ZTH+DNO)
A(7,5)=1.0-ALFA*BS/( Z+DRO )
A(7,7)==BS/({Z+DRO)
A(7,8)=BS/R

A(8,5 )=-SIGN*BETA+BETAZ*B3/R
A8,8)=1.0+3.0*SIGH*BETAYBI/R

CALCULATING THE VECTOR

ZIR=Z*Z-TOW*TOW+( R~DRO ) *( R-DRO )
IP(SIGN.EQ.~1.0)ZIR=ZT*2-TON*TOW+( 2. o'm-uo-n)--z
KNEG=K-1

KPOS=K+1

INEG=J~-1

JPOS=J+1

IF(KMEG .EQ. O) GO TO 620
A(6,9)=(T1(J,KNEG, 1 )+ALFA*TL(J,KNEG, 2 )-T1(J,KNEG, 7))
+*Bl/(R-D? }+TA(J,XNEG, 7 )~T2(J,KNRG, 2)

IP(ZIR .GT. 0.0) GO TO €10
A(6,9)=A(6,9)+(TL(J, KNEG, 4 }*ALFA*T1(J,KNEG, 2 )~
+T1(J,KNEG, 7 ) )*BL/( R~DT)

610 CONTINUE
SRZ=CABA*T1( J,KNEG, 8 }+CBA*T2(J,K,8)
UZ=CABA*T1(J,KNEG, S }+CBA*T2(J,.K,S)
A(9,9)=8RZ2*(1.0-3.0*SIGN*BETA*BI/({ R=DG ) }+UZ*( ~SIGN*BETA-BETAL vB)/
+(R-DG))

e
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620 CONTIIE
A>1,9)(T1(J,XP08, 7 }+ALFA*TL( J,XPOS, 2 )~T1( J,0008,1))
+%32/( RéDP }HTL( T, KPOS, 7 }4TL(J,KN08, 2)
IP(ZIR .GT. 0.0) GO 10 640
A(1,9)=A(1,9)+82%( T1(J,KNOS, 7 )}+ALFA*TL( I, KNO0S, 3 )~
+21(J,KPO0S, 4) )/(R+DT)
c
640 CONTINUE
IP(INEG .2Q. 0) GO TO 645
A(7,9)=TL({ MG, K, 4 )~T1( INEG, K, 5 Y+BS*ALPATL( MDY, K, 2 )/R
++BS*( T1( INEG, K, 7 )~T1( JNRG, K, 4 }+ALPA*T1( NG, K, § ) )/( DRO+S-DF)
+-BS*T1( JNEG,K, 8 )/R
GO TO €30
643 A(7,9)=BD{ 4 )-BD( 5 }+BS*ALPA*BI{ 2 )/R+BS *( BD( 7 }~BO{ 4 }+ALPA*
+BD( 5 ) )/ ( DRO+3-DT )=BS *BD( 8 )/R
c

650 CONTINUE
A(S,9)=T1(JPOS,K, 4 }+T1(JPOS, K, 3 }+BE "ALFA*T1( JPOS, K, 2 )/
++B6*T1(JPOS,K,8)/R

IP(SIGN .EQ. ~1 .ARD. K .EQ. 2"N-I+2) GO 70 670

IP(K .BQ. I .AND. S5IGN .EQ. 1) GO 10 660

A(2,9)2P2(T,K, 7 )+B9*P2(J,K, 3 J+ALFAS*T2( J,K, 2 )/RHALFAS*T2( J.K,8)
A(3,9)=T2(J,K, 4)+B9*T2(J,K, 6 }*ALPAS*T2( J, K, 2 )/R*ALFAS*?2( T, K, D)
A(4,9)T2(J,K,1)+B9*T2(J, K, 2)/R+ALPAI*T2( T, K, 3 JHALPAS*T2(J.K,6)
RETURN

660 B=B2
Q0 70 6§80
670 =31
600 CON=P/R**1.5
R2=R+SIGN*DT/2.0
AXR=SIGN*P*B*(1.0-2.0"ALFA)/R2**]1.8
A 2,9 )=CON*R+SIAN*C , 3 *BY *CON~SIGN*ALFA *B9 *CON
A(3,9 )=ALFA*CON*R-0 .S *SIGN*B9 *ALPA*CON
A( 4, 9 )=ALFA*CON*R+0 . 5 *SIGH*B *ALFA*CON-CON*AXIAN*DY
IP(SIGN .EQ. 1) A(1,9)=AXE
IP(3IGN .2Q. ~1) A(6,9)=AXE
IETURN :
D
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C SUBROUTINES RINT AND CINT ARE USED TO ADJUST MATRIX 2 ¢ EMR 08120
c CATEGORY OF POINTS .
CIIIQQO'tl"t"'tttttt'!'t'tt'.t"t't'I"tt!t"'t"'!'t“'"""""".w“

c

SUBROUTINE RINT(A,N,M,LA,.LB)
C -
C INTERCHANGE ROWS 1A AND 1B
c

DIMENSION A{N,NM)

DO 10 II=1,M

EREELES
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SAVE=A(LA,II)
A(LA,IXI)=A(LB,II)
10 A(LB,II)=SAVE
RETURN
b o)
c .
SUBROUTINE CINT(A,M,M,IA,LB)
C
C INTERCHANGE COLUMNS LA AND LB
c
DIMENSION A(N,NM)
DO 10 IXI=1.,N
" SAVE=A(IX,LA)
A(II,LA)=A(II,LB)
10 A(II,LB)=SAVE
RETURN ' 06370
p—— 08380
c _ 06390
c - 06400
SUBROUTINE WAVE(DRO, INDX4, INDXQ,T,SIGN,P) ) 06410
c 08420
C".""‘..i".t'ti".Q..""!'t'"""""Q""'Q""'"Q'."."'."""““0
C INCIDENT LEADING WAVE POINTS — G— : 06440
ct"‘!*"l."""!"t".""""""'.'II"'.""""'Q""""""""m“o
C : 08460
COMMON/ALL/I, TON, R, Z,K,J, DTS, ALFA,BETA, BETAZ, G2, BG, CBA, CABA, PIES , NO6470
COMMON/FO/FT,PB,FR, PN o640
DIMENSION T(INDX4,INDX1,9) 08490
NJI.K,7)=P/R**0.5 . . 08500
™MJI.K,2)SIGN*N I, K,7) o 08820
T(J.K,3)=P*SIGN*0.5/R**) S i 06530
T™(J.K, &)=ALFA*T(J,.K,7) 08840
RETURN 08850
c : ' 08370
c ‘ : 04580
c. . 04590
~ SUBROUTIMNE LEADM(P1,DRO,INDX4,INDX1,T,FF) 06600
c 08610
c'.'.""I'"."l‘l"'."I'I"l’"*""*t*'""'"l"*'""*."Q"I""I.'m‘zo
c LEADING INNER-SURFACE POINT — Q — : 08630
CQ'""""Q'.'.""""‘."‘..Q""""'"'"I"'t""Q""""'.",.""'““o
c ‘ . : 06680
COMMOM/ALL/1,TOW, R, 2, K, J, DTS, ,ALFA, BETA, BETAZ, G2, DG, CBA, CABA, PIES , 06660
DIMENSION T(INDX4,INDX1,®) 08670
™I, K,7)=0. 06680
™NJI.K,0)=0, 08690
NI, K,3)=0, 046700
DECAY=(1.+ALFA)/2.0 ) 06720
T(J,K, 4)=PL*FP/ABS( Z+JN0 ) * *DECAY 08720
™I, K, 8)"(JI. K, 4) 06730
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- (3,K, 6 }=DECAY*P) *FP/ABS( 3+DRO ) **( DECAT+1 . ) 08740
1 "J.K,2)=0.0 08730
I, K, 1) NI, K,4) og7e0 ||
DO 1 1=1,8 08770
1 W J,K, L) I+2,1,L)-(J,K,L) os180
’ RETUM 068790
: - ) : 06800 5
) ¢ : 0¢830
SUBROUTINE LOADED( DRO, INDX¢, INDX1,D?T,T,T2,%2,8IGN,DR1) 06820
c 06830
c't'i"ttttt'.tt!""".ttt!'i'i'btttt'tttt""t“t't""'t"'l’"t"t"'m
c REGULAR LOADED BOUMDARY POINT (ONE DIMENSIOMAL) ~ P — 08880
c.ttf'.'t'lr'!i_'t't'ttl‘tt"l"l'l't"lI"?""l‘"""'"'O'!t"'.ﬂ...""m
c 068670
COMMOM/ALL/I, TOW, R, Z,K,J, DTS, ALFA, BETA, BRTA2, G2, 3G, CBA, CABA, PIRS , NO$ 800
COMMON/AA/BL, 832,83 ,85,86,89 08890
CONMOM/FO/PP,FB, PR, PN 08900
DIMENSION T(INDX4,INDX1,8),T1(IMDX4,INDX1,8), rz(num,:m.n 06910
DIMENSION A(S,9),AB(4,4),COE(4) 08920
ParFP - 08930
IP(SIGN.EQ.~1.0)P=rB 08960
IP(K.EQ.XI .AND. SIGN .EQ. 1) GO T0 2 08980
IP(SIGN .EQ. -1 .AND. K .EQ. 2"W-I+2) GO 10 ¢
. GO TS
2 B2=B1/2.
BO=B1
GO T0 8
9 B9=B1
Bl=B1/2.0

$ CALL AMAT(DRO, INDX4,INDX1,DT,T,T1,T2,A,8IGN,DR1)
IP(SIGN.EQ.~1.0)CALL RINT(A,S,9,1,6)
DO 7 Il=1,4
DO 6 JJ=1,4

6 AB(II,JJ7)=A(II,3J)

7 COB({II)=A(1I,9)
™J,K,5)=0.0
(J,X,6)=0.0
™I, K,7)=P
™J,K,8)=0.0
AB(1,2)=AB( 1,2 )+ALFAYB2/R
AB(1,4)=0.
COE(1)=~COE(1)=(1.0-2.0"B2/R)*N{J,K,7)
IFP(SIGN.EQ.~1.0)COR(1)=A{1,9)=(1.0+2.0"B1/R)"™J,K,7)
COE( 2 )=COE( 2 )~T(J.K,7)
CALL MATINV(AB,COE,4,4,1,DET,KS)
IP(Xs.2Q.1) GO T0 3
DO 9 L=1,4

9 NJ,K,L)=COE(L)
B1=DTS
B2=B1
BY=2,*B1
RETURN

HIHHI T EH




- B LN T A O s i S s G il i ket AT

100 ,
3 WRITE (5,4) : 07260 f
4 PORMAT( *SINGULAR AT REGULAR LOADED BOUNDARY 3-D JOIN® - P -*) 07370 i
0 07290 ‘
c 07360 !
c 07310
SUBROUTINE LOAD)(DRO, INDX4, INDX1,DT,T, 1,73, SIGN,DR1, FRS) 07380
c 07330
c.'l"l"""""II'.".""'.'."l'"'I"'.."""""'“"mm'.'"mm
- REGULAR LOADED BOUMDARY BOINT (TWO DIMENSIONAL) — B — 07380
c..."!‘lt.'t'."‘ll..".‘t'."""!"'t'Q'"'"'Q"Q"""'"mm"'.'mm
c 07370
COMMON/ALL/T, TOW, R, Z,K, X, DTS, ALFA, BETA , BETA2, G2, 3G, CBA, CABA, PIES , NO7300
COMMON/AM/B1,B32,B3,85,86,39 07390
COMMON/PO/PP,PB, PR, PN 07600 i
COMMON/LINK/BD( 8 ) 07410 i
DIMENSION T INDX4, INDX],®), T1( INDX4, INDX1, S ), T2( INDCe, INDEL,0) 07430
DIMENSION A(S,9),AB(6,68),COR(S) 07430
Pery 07060
IP(SIGN.2Q.~1.0)P=rB 07480
CALL AMAT(DRO, INDX4, INDX1,DT,T,T1,T2,A,8IGH,DR1) 07680
IP(SIGN.XQ.1.0)CALL RINT(A,S,9,6,7) o7e70
IP(SIGN.2Q.-1.0 )CALL RINT(A,S$,9,1,7) 07400
DO 7 II=1,6 ' 07490 ‘
DO ¢ JJ=1,6 07800 i
6 AB(IX,JJ)=A(IX,J7) 07810 £
7 COR(II)=A(II,9) 930
I, K, 7 )P 07330
T(J,K,0)=0,.5%(1,.0~-5IGN ) *FRZ 07840
COR( 1 )=COE(1)~(1.0~2.0"B2/R)**(J,K,7) 07880
IP(SIGN.EQ.~1.0)COE(1)=A(1,9)+B5/(DRO+Z)* N J,K,7) 07360
+ =BS/R*NJ,K,8) 07870
COR( 2 )=COR(2)~-7(J.K,7) 07880
COR( 6 )=COE( § }+BS*T( J,K, 7 )/({ +DRO) 07390 ;
l IP(SIGN.EQ.-1.0)COR(6)=A(6,9)~(1.0+2.0"B1)*KJ,X,7) 07600 ;
IP(SIGN.EQ.~1.0 )COR(S )=COE(S }+B6/R*(J,K,0) 07610 :
[ CALL mm(n.m.s.c,x.m.n) 07620
| IP(XS.2Q.1) GO 10 3 - 07630
DO 9 Im1,6 07640
. 9 T(J,K.L)=COR(L) 07680
i RETOM 07680 !
- 3 WRITT (5,4) : : 07670 £
4 PORGAT( *SINGULAR AT REGULAR LOADED BOUMDARY 2-D FOINT -~ B - *)  @9600 b
sTOP 07690 :
no 97900 ,
c 07720 b
c 07730 I
c SUBROUTINE GENER(DRO, INDX4, NI, DT, T, 71,72, 5268, 001 ) 07730 |
c"'!".'""'."""'."""'""".'""".""".."'Q"""Q'mmmm“
c REOULAR INNER ONEZ DIMENSIOMAL POINTS — R — 3
’ c,..'“m"'i".."'"'..”"l""I..'."l"".'""'“mmmm : ;
t{ F
1 ‘ , i
iR o ]
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L 4

COMMDNM/ALLY/T , TOM, R, 8, K, J, DTS, ALFA, BETA,BETA2, G2, G, CBA, CANA, PINS,

COMMON/AM/B1,B2,83,88,06,B9

DIMENSION T(INDX4,INDX1,S),T1(INDXe,INDX1,S$),T2(INDKe, INDKL,S)

DIMENSION A(S,9),AN(S,8),C0R(5)
I’(uﬂ.m.l.ﬁ.m.‘.m.lm 70 2

I’(m.n.-l.o.m.l.m.z'.-!#’m T 9 -

G0 10 S
32=81/2.0
=Rl

a 10 8
B9=B1
B1=81/2.0

CALL AMAST(DRO, INDX4,INDX1,DT,T,T1,T2,A,5IGN,DR1)

CALL CINT(A,8,9,5,7)

CALL RINT(A,S8,9,5,6)

DO 7 II=1,8

DO 6 JI=1,8
AB(IX,J3)=A(I1,37)
COB(IX)=A(II,9) '
AB(1,2)=AB(1,2 )+*ALPA*B2/R
AB(1,4)=0.
AB(1,3)=AB(1,5)+B2/R
AB(S,2)=AB(S,2)+*ALPA*B1/R
AB(S,4)=0.
“(3.5)-“(5.5)"'31/’- .
CALL MATINV(AB,COE,S,S,1,DET,KS3)
IP(XS.2Q.1) GO T0 3

DO 9 I=1,4
J,K,L)=COE(L)
®?J,X,5)=0.0
*JI,X,6)"0.0
™JI,K,7)=COR(S5)
J.X,8)=0.0

Bl=DTS

B2=B1

B9=2.0"B1

RETURN

WRITE (5.4)°

PORMAT( *SINGULAR AT REGULAR INNER OME DIMENSIONAL FOINT

SUBSROUTINE GENER1(DRO, INDX4, INDX1,DT,?,71,73,5IGM,001 )

c..""'l"I.".."."".""""I.'"'I"'"""."""""O'““" "

COIBN/ALLY/X , TOW, R, 3,K, 7,078 ,ALFA, BETA, 3BTRS, 63, 3G, CEA , CABA . INS
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COMMON/AMA/B1,B2,83,85,56,B9 08300

' COMMON/LINK/BD( 8 ) 08310
DIMENSION T( INDX¢,INDX1,S),T1(INDX4,INDX1,S),T2( INDX4, INDX1,8) 08320
DIMENSION A(S,9),AB(8,8),COR(0) 08230

3 CALL AMAT(DRO, INDX4,INDX1,DT,T,T1,T2,A,SIGH,DR1) 08340
. DO 7 II=1,8 08350
DO 6 JI=1,8 08360

6 AB(II,J7)=A(11,37) 08370

7 COR(II)=A(II,9) 08360
 CALL MATINV(AB,COE,S,9,1,DET,KS) 08390
IP(KS.EQ.1) GO 10 3 00400

DO 9 Im1,8 ' 08410

9 ™(J,X,L)=COE(L) 08420
RETURN 08430

3 WRITE (5.4) 08440

4 PORMAT( *SINGULAR AT REGULAR INNER TWO DIMENSIONAL POINT = A -*) 08430
STOP 08460

oo 00470

c 00480
c o 00490
SUBROUTINE GINTER(DRO, INDX4, IMDX1,DT,T3,T¢,T,SIGN,DR1,N1) 08800

c : 08810
Ctl'tttﬁttt'.tt'!'t"t!"'"""'"'t""""t't'i'.!'t""".'."'""to.szo
c INTERMEDIATE INNER TWO DIMENSIOMAL POINT —— X — 08530
c CALCULATED BY INTERPOLATION ALOWG THE REFLECTED LOWGITUDINAL VAVE 08540
Ct'"t'ttt.ttt.t"i't""ltH'."tt"'t"l"""ll'"'"'Q""""".""O."Q
c 08860
COMMON/ALL/T, TOW, R, Z,K,J, DTS, ALFA, BETA, BETAZ, G2, 3G, CBA, CABA, PIES , NOSS570
DIMENSION T(INDX4,IMDX1,8),T3(INDX1,8),T4(3,0) 08580
Y=TOW-( R~DRO ) 08390
IP(SIGN.EQ.~1.0 )Y=TOWN-2 ,0*DR1+DRO+R 09600

Xu( B*3/Y4+Y )/2. 09610

K=( X~¥)/Z 00620
TETAL=ATAN( RK )/PIES 08630
TETA=1.-TETALl 08640

RX=( TOW-X )/DT+1, - 08680
IP(SIGN.EQ.~1.0 )RK=2 *N-I+1+X/DT 08660
KA=IPIX(RK) ‘ 08670
KBuA+1 oseeo
C2=RK~FLOAT( XA ) 00690
Clewl.=-C2 08700

DO 184 Li=i,8 08710

184 T(J,K,L)=TETA*(C1*T3(KA,L)+C2*T3(KB, L) )+TETAL*T4(1,L) : 08720
RETURN 00730

) 00740

(] 08780
c . 08760
SUBROUTINE DIAG(DRO, INDX4, INDX1,DT,T,T1,T3, T4, 5IGN,DR1) 08770

c 11

c..t'..'.'t't'."-""."'"'."Q'."""'""""'"'.""""'.""'.'::;::
c INTEREDIATE TWO DIENSIONAL POINT — L — 00000

c.""".l"l'..".."""""""".""'I'."""""""""""""muo




-
c 08820
COMMON/ALL/I, TOW, R, Z,K,J, DTS, ALFA, BETA, BETA2, G2, 3G, CBA, CABA,, PIES , HOS$30
COMMON/AA/B1,B2,B3,B5,86,89 08840
DIMENSION T( INDX4,INDX2,8),T1(INDXe, INDX1,$ ), T2( INDX4, INDX],S ) 09080
DIMENSION A(S,9),AB(8,0),COE(8),E(0),T4(3,8) oBeso
Bl=DTS 08870
B2=Z*DT/(2.*(2Z+2.*DT)) 08890
IP(SIGN.EQ.1.0)GO TO § 08890
BPT=B1 08900
B1=B2 08910
B2=BT : 08920
S B3w(Z+(1.-BETA)*DT-SQRT( ( DT-BETA*( Z+DT) )**2+( 1. -BETA2 )*Z**2)) 08930
+/(2.%(1.-BETA2)) 08940
BS=DTS 00980
BE&=2*DT/(2.*(2.%Z+DT)) 08960
B9=( Z+DT-SQRT( Z*Z+DT*DT) )/2. 08970
CALL AMAT(DRO, INDX4, INDX1,DT,T,T1,T2,A, 5IGN,DR1) 08980
DO 7 II=1,8 08990
DO ¢ JJ=1,8 09000
6 AB(IX,JJ)=A(II,JJ) 09010
7 COE(II)=A(II,9) 09020
R2=R+2.0*B2 0%030
1 CALL ENV(INDX4,INDX1,DT,Z,R2,E,T,T1,T4,B2) 09040
COR(1)eE(7)*(1.+B2/R2 )4+E(2)*(1.+ALFAYB2/R2 )-B2*E(1 )/R2 09080
i +B2*(ALPAYE( 2 )+E( 7 )~E( 4) )/R2 09060
; 26=Z+2 . *B6 : _ 09070
CALL ENV( INDX4,INDX1,DT,Z6,R,E,T,T1,T4,B6) 080
COE( S }=E( 4 )+E( S )+B6*ALFAYE( 2 )/R+B6 *E( 8 )/R 050
CALL ENV(INDX4,INDX1,DT,Z,R,E,T,T1,T¢,B9) 09100
, COR( 2 )=R( 7 )+BO*(E( 3 )+ALFA*(E(2)/R+E(6))) 09110
i COR( 3 )=E( 4 )+BI*(E(6 )+ALFA*(E(2)/R+E(3))) 03120
: COE( 4)=E(1)+BI*(E(2)/REALFA*(E(3)+E(6))). 09130
R3=R~2.0*B3*BETA 03140
CALL ENV(INDX4,INDX1,DT,Z,R3,E,T,T1,T4¢,B3) 09150
COE( 8 )=E(8)*(1.0-SIGN*3 . 0*AETA*B3/RI )-E( S ) *( SIGH*EETA+BI *BETA2/R3 )09160
CALL MATINV(AB,COE,S,8,1,DET,KS) 09170
IP(XS .EQ. 1) GO TO 3 09180
DO 209 l=1,8 09190
209 T(J,K,L)=COE(L) 09200
B1=DTS 09210
B2=DTS 09220
B6=DTS 09230
B3=G2 09260
B9=DT 09280
RETURN 09260
3 WRITE (5,4) 09270
4 PORMAT(* SINGULAR AT INTERMEDIARY TWO DIMENSIONAL POINT - L =*) 09200
sTop 09290
09300
c 09310
c 09320
SUBROUTINE ENV( INDX4,INDX1,DT,ZL,RL,E,T,T1,T¢,BL) 09330
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c 09340
e 222222 X P PP Y T2 T2 IS TR LD A D R DT A LA T 2 a i AR Lt D L Il T Y] )
€  CAICULATION OF QUANTITIES AT TERMIMAL POINTS OF 09360
c BICEARACTERISTIC CURVES OF POINTS L 09370
e L L e L L L L e I R P P I 2 D e e L P o vy
< 03390

COMMON/ALL/Z,TOW,R, 3, K, J, DTS ,ALFA, BETA, BETA2 ,, G2, 3G, CBA, CABA, PIES , NO9400

DIMEMSION T(INDX4,IMDX1,®),T1(INDX¢,INDX1,8),74(3,8),2(8) 0%420
Cl=2.0*BL/DT ose20
Cae1.0-C1 09430
TEETA=ATAN( ZL/( ABS( KL-R }+DT ) )/PIXS 09440
THETAL=].0-THETA 09480

DO 10 1=1,8 09460
E(L)=C1%( THETA*T1(J,K-1,L)+TEETAL *T4( 2,L) )+ 09470

+C2%( THETA*T( J+1,K-1, L }+TEETAL *T4(1,L) ) 09400

10 CONTINUE 09490
RETURM 09800

o 09820

c 09620
SUBROUTINE RBOUND( DRO, INDX4, INDX1,DT,Q,Q1,Q2,Q¢,Q7,J1,51GN, T, 58, 09830

+ W1,DR1) ‘ 09640

c 09880
c"'."""""""".""""""'.'t"""."""'.."".""."""‘m
c INTERMEDIATE TWO-DIMENSIOMAL POINTS — M — 09870

CRrRESAANRsRn l'""i‘l""l""l"‘""*.'""."""'.".."""".'."".'wn

COMMON/ALL/I,TON,R, Z,K,J,DTS,ALFA, BETA, RETAZ, G2, BG, CBA, CABA . PIES , 09390

COMMON/AA/B1,B2,B3,B5,B6,B9 09600
COMMON/PO/TP,FB, PR, PN 09610
DIMENSION ZA(Nl) - 09820
DIMENSION T(INDX4,INDX1,8),QJ(2,INDX1,0) 09630
DIMENSION Q( INDX4,INDX1,8),Q1(INDX4,INDX1,8), Q:(:lnm.m.n 09640
DIMENSION A(8,9),AB(6,6),COE(6),E(8),04(3,8) 09680
R=PLOAT( N ) *DT+DRO 09660
DO 200 M=1,N1 » 09670
ZN=SQRT( PLOAT( (I+N-2"M+2)*(I-N) ) ) 09600
Z=2N*DT 09690
ZA( M )=2ZN 09700
N2Z=2N 09710
DO 12 I=1,8 09720

12 QU(1,X,L)=0.0 09730
IP(M.EQ.1)G0 TO 200 09740
QI(1,M,7 y=—( ( ZN~PLOAT( NZ ) ) *T( NZ+2,N1,7) 09730

++( PLOAT( NZ+1 )-ZN ) *T(NZ+1,N1,7) ) : 09760
QI(1,M, 8 y=—( ( ZN-PLOAT( NZ ) ) *T( NZ+2,M1,8) 09770
+ +( PLOAT( NZ+1 )-ZN ) *T( NZ+1,M1,8) ) 09780
Bl=0.25*( TOW-R¢DRO-Z**2/( TOW+R=-2.0*(M-2 )*DT-DNO) ) 09790
B9=0, 3 *( TOW-( M=2 ) *"DP~-SQRT( Z**2+( R~({ N=2 ) *DT-DRO)**2) ) 09800
BS=0, 25 *( TOW+Z~( ¥=2 ) *DT+( R~( ¥=2 ) *DT-DRO ) **2/( Z~TOWH( l-z)-m')) 09820
IP(BS .GT. DTS) BS=DTS 09920
BE=0 .25 *( TOW-Z~( M~2 ) *DT=( R~(¥~2 ) *DT-DRO ) **2/( TOWZ—~( ¥~2 ) *DT) ) 09830
CALL AMAT(DRO, INDX4,INDX1,DT,.Q,Q1,Q2,A,SIGN,DR1) 09840

CALL RINT(A,8,9,1,7) 098850
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DO 7 1I=1,0

DO 6 JJ=1,8
€ AB(II,JJ)=A(II,J7)
7 COE(II)=A(II,9)

RASTOW-( ¥-2 ) *DT

RB=TOW-( M~1 ) *DT

TA=ASIN( DT*SQRT(FLOAT( (I+N-2*(M~2))*(I-N)

IP(I.EQ.N1)GO TO 8

TB=ASIN( DT*SQRT(PFPLOAT( (I-1+N-2*(M-2))*(I-1-N)

8 CONTINUE
Rl=R-2.0*Bl

TI=ATAN( Z/(R+2.*Bl - (M=2)*DT - DRO) )

CALL ENV1(R1,Z,T1,TA,TB,Bl1,E,QJ,Q4,DT,X, INDX1,N1)
COE(&)=E(7)*(1.-Bl/R)-EB(2)*( 1.—m~n/_m HB1*E(1)/R1

+ <+B1*(ALFA*E(2) - E(7) + E(4) /R
COE( 6 )=COE( 6 )—(1.+2.*B1/R)*QJ(1,M,7)

Z6=2+2.0*B6

TE=ATAN( Z6/( R~(M~2 )*DT-DRO) )

CALL ENV1(R,Z26,T6,TA,TB,B6,E,QJ,Q4,DT,M, INDX1,NL)

COE( 5 )=E( 4 )+E(S )+BS*"ALFA*E( 2 )/R+BE*E( 8 )/R
COE( S )=COE( S )+B6/R*QJ(1,M,8)
T9=ATAN( Z/( R-( M~2 )*DT-DRO ) )

CALL ENV1(R,Z,T9,TA,TB,B9,E,QJ,Q4,DT,N, INDX],N1)

COE(2)=E(7)+BI*( E(3I)+ALFA*(E(2)/R+E(6) )

COE(2)=COE(2)—QJ(1,M,7)

COE( 3 )=E(4)+B9*( E(6)+ALFA*(E(2)/R+E(3) )
COE( 4)=E(1)+B9*( E(2)/R+ALPA*(E(3)+E(6) )

IP(BS5.EQ.DT5)GO TO 9
25=2-2.0*BS

TS=ATAN( Z5/( R~(M—-2 ) *DT-DRO) )

CALL ENV1(R,25,TS,TA,TB,BS,E,QJ,Q4,DT,N, INDX1, N1

GO ™0 11
9 DO 10 L=-1,8

10 E(L)=(ZN~-FLOAT(NZ))*Q1(NZ+1,N1,L)+( FLOAT(NZ+1 )~2ZN)*Q1(NZ,M1 L)

11 CONTINUE

COE(1)=E( 4 )-E(S )+BS*ALFA*E(2)/R-B5S*E(8)/R
COE( 1 )=COE( 1 )+BS/( Z+DRO )*QJ(1,M,7)

+ <-BS/R*QJ(1,M,8)

IP(M.EQ.N1 )COE(1)=A(1,9)+B5/(Z+DRO)*QJ(1,M,7)

+ =BS/R*QJ(1,M,8)

CALL MATINV(AB,COE,6,6,1,DET,KS)

DO 209 IL=-1,6
QJ(1,M,L)=COK(L)
209 CONTINUE
200 CONTINUE
BleDTS
BS=DTS

B6=DTS

B9=0T
FETURM
ZND

L e T

)

)
)

)

)72, 3
)

)
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09060
09870
09480
09890

09910
09920
09930
09940
09980
09960
09970
09980
09990
10000
10010
10020
10030
10040
10050
10060
10070
10080
10090
10100
10110
10120
10130
10140
10180
10160
10170
10180

- 10190

10200
10210
10220
10230
10240
10250
10260
10270
10280
10290
10300
10310
10320
10330
10340
10380
10360
10370
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c 10300
c 103%0
SUBROUTINE ENV1(RL,ZL,TETA,TA,TB,BL,E,QJ,Q4,DT,M,INDX],N1) 10400

c o410
R R N AR A AR AR NN RN AA R ARRAARANNNERNRRANRRARAR RN RR NN w]1 0420
Cc CALCULATION OF QUANTITIES AT TERMINAL POINTS OF 10430
C BICHARACTERISTIC CURVES OF POINTS M 10440
LT R R L T I R R L I e Iy 2 e L T T T D L Y V%)
c 10460
COMMON/ALL/I,TOWN,R, Z,K,J,DT5,ALFA, BETA, BETA2, G2, BG,CBA, CABA, PIES, N10470
DIMENSION QJ(2,TNDX1,8),Q4(3,8),E(8) 10490
TTA=TETA/TA 10490
TTAl=1.0-TTA 10500
IP(I.EQ.N1)GO TO 8 10810
TTB=TETA/TB 10820

GO TO 9 10830

8 TT8=0.0 10840
9 CONTINUE 10850
TTBl=l.0-TTB - 10560
C2=2.0*BL/DT 4 10870
Cl=1.0-C2 10580

DO 10 L=1,8 10590
E(L)=Cl*{TTB*QJ(2,M-1,L)+TTB1*Q4(2,L) ) 10600

+ +C2*(TTA*QJI(1,M~1,L)+TTALI*Q4(1,L) ) . : 10610

10 CONTINUE 10620
RETURN 10830

END 10640

c 10650
(o : 10660
SUBROUTINE RINTER(Q.QJ,Q4, INDX4,INDX1,ZA,N1) 10670

AR A RN AR A RN R AR ARX AR RTAANNARNRRRRAXAREARARARAA AR RNRRERNRINY 1 0600
c INTERMEDIATE TWO-DIMENSIONAL POINTS — N - . 106%0
A R R A AR AN AR RN AR RN AN TN XA ARARAAREERRRRARNANNCARARRRRN] 0700
c 10710
COMMON/ALL/I,TOW,R, Z,K,J,DTS ,ALFA, BETA, BETA2, G2, BG,CBA, CABA, PIES, N10720
DIMENSION ZA(Nl) 10730
DIMENSION QJ(2,INDX1,8),Q4(3,8),Q( INDX4, INDX1,8) 10740
YoI-2*N-1+K 10750
X=0,5*Y4+0.5*FLOAT( (J-1)*(J-1) )/ 10760
A=X-FLOAT( I-N) 10770
AJAX=X*X-A"A 10780
AJ=SQRT( AJAX) 107%0
ATM=(FLOAT( I*I-N*N)-AJ*AJ)/FLOAT( 2*(I-N))+1.0 10800
TIK-ASIN(PLOAT(J-1)/X ) 10810
TAJ=ASIN(AJ/X) 10820
TETA=TIK/TAS 10830

- M=AJTM . 10840
Cl=(ZA(M)-AT)/( ZA(M)-ZA(M+1) ) 108350

DO 10 L=1,8 : 10880

10 Q(J,K,L)=TETA*(C1*QJ(1,M+1,L)+(1.-C1)*QJ(1,M,L) )+({1.-TETA)*Q4(1,L)10870
RETURN 10800

N 10090
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20

30

s

50

60
(-1
70

0

SUBROUTINE MATINV(A,B,N,N1,MSUB,DET.XS)
DIMENSION A(1),B{1)
TOL=0.0

KS=0

JJ=N

DO 65 J=],N

JY=J+1

JI=JI+N+1

BIGA=0.0

ITwJJ=-J

DO 30 I=J,N

IJ=IT+I

IP(ABS(BIGA )-ABS(A(1J)))20,30,30
BIGA=A(1J)

IMAX=I

CONTINUZ
IF(ABS(BIGA)~TOL)3S,3%,40
KS=])

RETURN

Il=J+N*(J=-2)

IT=IMAX~-J

DO 50 KwJ,N

Il=I1+N

I2=I1l+IT

SAVE=A(1Il)

A(I1)=A(I2)

A(12)=SAVE
A(Il)=A(Il)/BIGA
SAVE=B( IMAX)

B( IMAX )=B(J)

B( J )=SAVE/BIGA
Ir(J-N)55,70,55
IQS=N*(J-1)

DO 65 IX=JY,N
IXI=IQS+IX

IT=J-IX

DO 60 JX=JY,N

IXIX=N*( JX~-1 )+IX
JIX=IXIX+IT

A( IXTX )=A( IXIX )~( A IXT )*A(IIX))
B{ IX)=B(IX)=(B(J)*A(IXJ))
NY=N-1

IT=N*R

DO 80 J=1,NY

IA=IT-J

IB=N-J

IC=N

DO 80 K=1,J
B(IB)=B(IB)-A(IA)*B(IC)
IA=IA-N

IC=IC-1

e

10900
10910
10920
10930
10940
10980
10960
10970
10980
10990
11000
11010




RETURN
END

SUBROUTINE RESULT(RNE,DRO,DT,I,FF,INDX4,INDX1,T,T1,IJ,K1, 11480
+1T,DR1,N) 11470
C 11490
COMMON/RE/IFROM, ITILL, INRITE, IJ1, IPRINT , NPRINT 11490
COMOON/PRINT/JPRINT( 9 ), KPRINT(9) , 11500
DIMENSION T( INDX4,INDX1,8),T1(INDX4,INDX1,8) 11810
DIMENSION TT(INDX4,08) _ 11520
IF(IJ .EQ. 2) GO TO 90 11530
131wl 11840
IF( IPRINT .EQ. 1) GO TO 75 11580
7% CALL OUTP(RNE,DRO,DT,I,PP,INDX4,INDX1,TT,DR1,N) 11860
1Je2 11570
90 IF(I .GT. ITILL) RETURN 11580
GO T0(100,200,300) IPRINT 11590
100 IP(I .NE. IFROM ) RETURK 11600
IFROM=IFROM+INRITE 11610
IP(MOD(I,2).EQ.0) CALL OUTP1(DRO,DT,I,INDX4,INDX1,T,N1) 11620
RETURN 11630
200 CALL OUTP2(DRO,DT, I, INDX4,INDX1,T,T1) 11640
RETURN 11630
300 IF(I .NE. IFROM) GO TO 310 11660
IPROM=IFROM+IWRITE 11670
IF(MOD(I,2).EQ.0) CALL OUTP1(DRO,DT,I,INDX4,INDX1,T,N1) 11680
310 CALL OUTP2(DRO,DT, I, INDX4,INDX1,T,T1) 116%0
RETURN 11700
END 11710
c 11720
c 11730
SUBROUTINE OUTP(RNE,DRO,DT,I,FP, INDX4, INDX1,TT,DR1,N) 11740
c 11780
Ctit't*'*tttl!*!*tt",’iﬁt**it!***ii*’!*‘lI'*tt't"."l"'t't""i"""!' u"‘o
c PRINTS THE VALUES OP THE INPUT CONSTANTS AND THE INITIAL * 11770
C CONDITIONS » 11780
cttt*tl’tt"t*"'tt't'tt*t*ttl‘tt"tttl’l‘t'tt!t*'ttttt'ttf’*t't"tt"!." u”o
¢ 11800
COMMON/LINK/BD( 8 ) 11810
DIMENSION TT(INDX4,8),TA(8),TB(8),BDI(8) : 11820
INDEX=INDX1-1 11830
CALL DATE(NDATE) 11840
WRITE(S,7) NDATE . ) 11850
WRITE(S,8) 11860
7 PORMAT(A12/* TRANSIENT RESPONSE OF INPINITELY LONG TUBRE* 11870
+* SUBJECT TO ABRUPTLY APPLIED LOAD(CASE 2)*/) 11000
8 PORMAT(* DURATION TIME OF LOAD = PERMANENT*/* WIDTE OP* 11890
+* LOAD = SEMI-INPINITE*/) 11900
WRITE(S,10) RNE,DRO,DR1,FF,DT, INDEX 11910
10 FORMAT(* THE INPUT CONSTANTS */21(1BH-)//*POISSONS RATIO =, PS.3 11920

+/*INNER RADIUS =*,F4.2/*OUTER RADIUS o*,P4,2/*NON-DINENSIONAL *

'f
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117
+*SIRR =*,P4.2/*STEP SIZE POR INTEGRATION =*,F¢.4/*NUMBER OF * 11940 '
4+*TIME STEPS =*,I13//* THE INITIAL CONDITIONS (TIME T=0.0)* 11980
+/38(18-)/) 11960
DO 15 L=1,8 11970
15 BDI(L)=0. : 11980
WRITE(S,20) (BDI(L),TT(1,L),TT(2,L),1=1,0) 119%0 »
20 PORMAT( *POINTS- R=1.0,2¢0.0*,6X, *POINT ~ R=l,0,Z=0.0%,6X, 12000 :
+*POINTS- R=1.0,2>0.0%/ 12010 :
+3(19(1B-),6X)//3(* SITT =*,P7.4,12X)/3(* UR ==,P7.4,12X)/ 12020
+3( "DURDR =*,P7.4,12X)/3(* SIZZ =*,F7.4,12X)/3(* UZ =+,P97.4,12X) 12030
[ +/3( *DUZDZ =*,P7.4,12X)/3(* SIRR =+,P7.4,12X)/3( * SIRZ =+, P7.4, 12040
] +12X)/72(18~)/) 12080
RETURN 12060 .
END 12070 |
c 12080 :
c 12090
SUBROUTINE OUTP1(DRO,DT,I,INDX4,INDX1,T,N1) 12100 1
c 12110 .
C‘lt'"t'l'l"*tt'ﬁ""!I!t'!'Ittl"l"itt"'t"'.l""t'"'l"".""".""'nuo
c PRINTS VALUES OF VARIABLES L AT SPECIPIEZD TIME FOR POINTS (J,K) 12130 :
c POR J=l,INDEX+4 AND Kel, INDEX+1 12140 ‘
c.'t’l"tit'"t'."'t!'"t"tt.'tt'*t't"l"Q'tt't.'t.t'tt""""..""'tuuo *
c 12160 ;
DIMENSION T(INDX4,INDX1,8),Q(8) 12170 l:
TOW=FLOAT( I ) *DT 12180 !
WRITE (5,40) TOW © 12190
40 FORMAT(//* AT TIME T=*,PF7.4/19(1B-)//5X, *Z*,8X, *R*,7X, *SIMR*,5X, 12200 ;
+*SITT*,5X, *SIZZ*, 5K, *SIRZ", 6X, "UR*, 7X, *UZ*/72(18~)) 12210 { i
IA=I+1 12220 ’
IB=I+2 12230 .
IC=I+3 ) 12240 £
KK=2 12250 Li
DO 45 JJ=1,IB _ , 12260
KK=3-KK ‘ 12270 ]
J=IC~-JI+1 12280 { i
Z=-DT*PLOAT(J-1) 12290 .
WRITE(S,50) 12300 ~
_ R=PLOAT( X-1 ) *DT+DRO 12320 Li
DO 42 L=1,8 12330
‘ 42 Q(L)*T(I+2,K,L)-T(J,K,L) 12340 14
WRITE(5,70)2Z,R,Q(7),Q(1),Q(4),Q(8),0(2),Q(5) 12350 i
! . 45 CONTINUE 12360
- KK=1 12370 -
IF(MOD(I,2).EQ.0) KKXe2 12380 J
DO 60 J=1,IC 123%0
KR=3-KK 12400
Z=DT*FLOAT( J-1) ‘ . 12410
WRITE (5,50) 12420 ﬂ
50 PORMAT(* *) 12430
DO 60 K=KK,N1,2 12440

petusan

R=FLOAT( X-1 ) *OT+DRO 12480

e




c
c

c

™M—J.K,8)
WRITE (S,70) Z,R,T(J.K,7),JI.K,1), (T, K. &),

0’(’.‘..).?‘:0‘03)0!.

$0
70

CONTINUE
FORMAT( 8¢ 2X,F7.4))
WRITE (S,00)
PORMAT( 72(18~))
RETURN

™0

SUBROUTINE QOUTP2(DRO,DT, I, INDX4,INDX1,T,T1)

13880

12870
12880

ORI AN AN R AR RN AN AN IR AR AAAA A ERAAREAAAARA AR AN RORRNORONROOCCORNCR ) 2G990

PRINTS VALUESR OF VARIABLES I FOR SPECIFIED POINTS (JPRINT,KPRINT) 12600

L+

CRRRNEA N AR A AR AN AT AR AAR AN AAAAANATAANRAANNAAAN AN A ANV AROCTRROIOSCRORCNIR] 2610
c

10

135
20
100

108
110

COMMON/RE/IPROM, ITILL, INRITE, IJ1, IPRINT, KPRINT
COMMON/PRINT/JPRINT( 9 ), KPRINT( 9 )
DIMENSION T(INDX4,INDX1,8),T1(INDX4,INDX1,8)
DIMENSION R(9),Z(9),TOW(S1),VAR(9,51,8)
IP(IJ1 .NE. 1) GO TO 100

1312

DO 10 JJ=1,NPRINT

R(JJ )=PLOAT( KPRINT( JJ ) ) "DT-DT+DRO

Z( 33 )=PLOAT( JPRINT( JJ ) ) *DT-DT
IP(JPRINT(JJ).LT.0)Z(JJ )=Z( IT)+2. *DT
CONTINUE

DO 20 1=1,8

DO 20 LL=],NPRINT

TEMP=JPRINT( LL )

J10=ABS( TEMP )

K10=KPRINT(LL )

TOW( 1)=0.0

IP(JPRINT(LL).LT.0)GO TO 15
VAR(LL,1,L)=T1(I+1,K10,L)-T1(J10,K10,L)
GO TO 20

VAR(LL, 1,L)=VAR(J10,K10,L)

CONTINUE

IP(MOD(I,2) .EQ. 1) RETURN

IP=I/2+1

TOW( IP )=FLOAT( I )*DT

DO 120 JJ=1,NPRINT

TEMP=JPRINT( JJ )

J10=ABS( TEMP )

K10=KPRINT( JJ)

DO 110 L=1,8

IP(JPRINT(JJ).LT.0)GO TO 105
VAR(JJ,IP,L)=T(J10,K10,L)

GO T0 110

VAR(JJ, IP,L)=T( I+2,K10,L)~T(J10,K10,L)
CONTINUE

12620
12630
12640
126350
12660
12670
12680
12690
12700
270
12720
12730
12740
12780
12760
12770
12780
127%0
13800
12010
12820
12830
12840
12880
132960
12870
12880
12090
12900
1210
12920
12930
12940
12980
12960
12970

4
X
4
k




€

120 CONTIUE
300 IP(I .LT. ITILL) RETUMN
DO 340 JJ=),NPRINT
WRITE (6,310) JJ,N(JIT),%(IT)
C 310 PORNMT(///85X,12,8X*THE POINT: R =*,F7.4,2X*S =*,F7.4/3K, 45(18~)
c + //TXYION*" , §X*SIIR*, EX*SITT*, EX*SIZZ*, CX*SIRE" , TX*UR", SK*UE*/
C +72(18-))
310 PORMAT(I2,2P7.4)
DO 330 XKX=),IP
WRITE (6,320) TOWKK), VAR(JIJ,KK,7),VAR(3J,XX,1),VAR(JJ, KK, 4),
SVAR(JIT, XK, 8), VAR(JT, KX, 2), VAR(JJ, KK, S )
320 PORAT( 7( 3X,F7.4))
330 CONTINUE
c WRITE (6,333)
335 PONOAAT(72(1B-)/)
340 CONTINUE
RETURM
END
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PROGRAM TRES3( OUTPUT, TAPELO, TAPES)

00020

RN N AR NIRRT NN NPT RN RN RN RNV NNCEA T I TN ANRACAVTRRNTCORIN OO0 22000020

CASE] : TRANSIENT RESPONSE OF AN INFINITELY 10NG TUBE SUBJECITED

TO A LOAD OF FINITE WIDTH PROM THE INTERIOR. THE DATA OF
CASE2 IS RETRIEVED FROM TAPES FOR SURERPOSITION.
ARRAYS; TOTAL(J,K) - STRESSES AFTEIR SUPERPOSITION
T™(J.K) = DATA FPROM TAPES AT EACE TIME STEP
LOAD IS SHIFTED HALF WIDTH OF LOAD
UPVMARD .
TI(J.K) = DATA FROM TAPES PFOR EACE TIME ITEP
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DIMENSION TOTAL(600,8),TU(600,8),TL(600,8), ROW(20),1(0)

INPUT DATA

WIDTE STANDS FOR LOAD WIDTH

SET NLOAD=1 IPF DURATION OF LOAD IS PERMANENT
NLOAD=2 IF DURATION OF LOAD IS PINITE

DATA WIDTH,NLOAD/O.04,1/

CALL READ(WIDTE, AW, NLOAD, NWIDTXE, NWH, JOE, DT, INDX, INDX1,RI,

+ SIKR,IDT)

DO 1000 I=3,INDX,2

DO 10 Ji=1,8

READ( S, 100 )( ROW( J ), J=1,20)
10 WRITE(10,100)(ROW(J),J=1,20)
100 FONMAT( 20A4)

WP=( INDX/2+3-J0E)/2

NPi=MP+1

NP2=MP+2

IF(JOE.2Q.1)LCI=NPL*( 2%( I-1 )+5)

IP(JOE.EQ.2 )LCI=( NP1+NP2 ) *( 2%( I-1 )+4 )/ 2+NP2

ICSLCI~( 2%( I-1)+5)

LNa2 *NP+JOE-1

CALL RED(I,ICI,IC,LCA,NP,NP1,JOE, NWA, LN, TU,TL)

KK=2

NCw2*( I-1)+5+NWIDTH

KT=0

DO 12 J=1,MC

M=J=( NC+1)/2

Z=DT*PLOAT( NN )

KK=3-KK *

DO 12 K=KK, INDX1,2

KXT=KT+1

TOTAI( KT, 2 )=PLOAT( X-1 ) *"DT+RY
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TOMI(KT,1)=2
DO 12 ¥=3,8
TOTAL( KT, N )=TU( KT, M)-TL( KT, M)
IP(S.2Q. I YTOTAL( KT, M )*TOTAL( KT-LN*I, M )
IP(S.2Q.1W.A.M.2Q. 8 YTOTAL( KT, 8 )}-TOTAL(KT, 8)
12 CONTINUE
WRITE(10,200)
JS=iPrl
JESILA-NP
IF(J0R.2Q.1) GO T0 13
JS=) S-+M0D( WK, 2)
JE=JX -H0D( W, 2 )
13 DO 14 J1=J8, %
WRITE(10,201) (TOTAL(J1,N),M=1,8)
IX(J1.2Q.JE) GO 10 14
IP(TOTAL({J1,1).ME.TOTAL(J1+1,1)) WRITE(10,200)
14 CONTINME
IP(I.EQ.INDX-1) WRITE(10,202)
200 FORMAZ( )
201 PORMAT{8r9.4)
202 POMMAT(72(18-))

1000 CONTINUE

SUBROUTINE READ(WID™I, HW, NLOAD, NWIDTH, N9 . JOE, DT, INDX, IRDX1, RX,

+ SIRR, 1DT)

000

PURPOSE; TO READ AND PRINT THE INITIAL CONDITION

DIMENSION ROW(20),CI(S,8)

REWIND 5

IF(NLOAD.EQ.1) READ(S,200) RI,RO,SIRR,DT, INDX
IP(NLOAD.EQ.2) REAL,S,101) DTL,RI,RO,SIRR,DT,INDX

100 PORMAT(//////////14X, Pe.2/14X,P4.2/22X,P4.2/27X,76.4/22X,13)
101 PORMAT(///24X,P8.2///////14X,F4.2/14K,P4.2/22X,P4.2/27X, P8 . 4/ 22X,

+13)
MWIDTH=W1DTH/DT
IP(MOD(NWIDTH,2).EQ.1)WRITE(10,199)
199 FORAT(* WIDTE OF LOAD IS UNSUITABLE *)

NWE=-NWIDTH/2 ' !
WIDTH=2 .0 *DT*NWH

HW=¥IDTH/2.0

MWIDTHE-WIDTH/DT

CALL DATE(NDATE)

WRITE(10,200) NDATE

IP(NLOAD.EQ.1) WRITE(10,201) WIDTH
IP(NLOAD.EQ.2) WRITE(10,202) DTL,WIDTH

200 FORMAT(AL2/* TRANSIENT RESPONSE OF INFINITELY LONG *

+*TUBE SUBJECT TO ABRUPTLY APPLIED LOAD(CASE 3)*/)
201 PORMAT(* DURATION TIME OF LOAD = PERMAMENT*/
+* WIDTE OF LOAD =*,Pr4.2)
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202 PORGT( * DURATION TIME OF LOAD =*,PS.2/
+* WIDTH OF LOAD =*,P4.2)
REWIND S
REAID( 5,102)
102 FORMAT(////)
DO 10 J1=1,14
READ( 5,203 )( ROW(J ), I=1,20)
10 WRXTE(10,203 )(ROW(J),J=1,20)
203 PORMAT( 20A4)
WRITE(10,204) RI,EW,RI,HW,RI, EW, NV, RI, W, RI, BV
204 FORMAT( *R=*,P3.1,*,2<~*,P4.2,4X, *Ru* P3.1, v, Su-v, Pe.2,2X,
+*Rer, P31, %, -7,P4.2,%<2>7,P4,.2,2X, "Rer,PI.1,*,2Zn",P4.2,4X,
+* Rev,P3.1,7,2>*,P4.2/13(18-), 4X, 13( 18~), 2X, 18( 18-), 2X,
+12(18-),5X,12(18-)/)
READ(S,103)
103 PORMAT(//)
READ(S,104)((CI(J,K},J=1,3),K=1,8)
104 PORMAT( 3(7X,P7.4,12X))
READ(S,108)
105 PORMAT( )
DO 11 K=1,8
CI(4,K)=CI(2,K)
11 CI(5,K)=CI(1,K)
CI(4,5)CI(4,5)
CI(4,6)=CI(4,6)
CI(4,8)=~CI(4,8)
WRITE( 10,208 )((CI(J,K),I=1,5),K=1,8)
205 PORMAT(S(* SITT =*,P7.4,3X)/5(* UR =*,P7.4,3X)/
+ S( *DURDR =*,P7.4,3X)/5(* SIZZ =*,P7.4,3X)/
+ S(* UZ =*,P7.4,3X)/S( *DUZDZ =*,P7.4,3X)/
+ S(* SIRR =*,P7.4,3X)/S(* SIRZ =*,P7.4,3X)/82(18~))
IDT=DTL/DT
INDX1=INDX/2+1
IND=INDX1-1
IFP(MOD(IND,2).2Q.0) JOE=2
IP(MOD(IND,2).EQ.1) JOE=1
RETURN
D

SUBROUTINE RED(I,ICI,IC,LCA,NP,NPL,JOE,NWH, ILN,TU,TL)
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PURPOSE; TO READ THE VARIABLES FROM TAPES AND STORE THEM
IN THE ARRAY T(J,K) '

01420
01430
01440

DIMENSION TU(600,8),TL(600,8),TT(8)
M=t/ 2
IP(JOR.EQ. 1 )LCA=LC+2 *NP *NWH
IP(JOR.EQ. 2 )LCA=LC +( NWH*NPHNEE ) *2+MOD( NWH, 2 )
KP=LN*NWE+1
Kl=kP

10 READ(S,100)(TI(J),J=1,8)

100 PORMAT(8F9.4)
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IP(T7(2).50.0.0) Xl=R1~-1
Ir(T3(2).20.0.0) GO 10 11
DO 12 L=1,8
TL(K1,L)*IT(L)
TO(K1-KF+1,L)*T?(L)
12 IF(K1.GT.1CA-IN*NE) TU(K1,L)*TT(L)
11 K1=Kl+1
ICI=1CI-1
IF(1CI.0T.0) GO 70 10
RETURN
END
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PROGRAN TRES4(OUTPUT, TAPEL1S, TAPE1D)
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CASE 4 : TRANSIENT RESPONSE OF AN INPINITELY LONG TUBE SUBJECTED
TO A MOVING LOAD OF FINITE WIDTH. THE DATA OF CASE 2
IS RETRIEVED PFROM TAPE1O POR SUPERPOSITION.
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COMMON CI(5,6),T(600,90,5)

INPUT DATA

SPEED = SPEED OF TRAVELLING LOAD

SPEED IS GIVEN BY SPEED=2*DT/DTL

(WHERE DT IS STEP SIZE OF INTEGRATION, DTL IS DURATION OF LOAD)

IN CASE 4 SPEED OF TRAVELLING LOAD IS GIVEN BY SPEED-]l/NS
DATA SPEED/0.S/

CALL READ( SPEED, DTL,WIDTH,RI,RO, DT, INDX)
INDX1=INDX/2+1

NSP1=2.005/SPEED+1

IND=INDX1-1

IP(MOD( IND,2).EQ.0) JOE=2
IP(MOD(IND,2).EQ.1) JOE=1

NP=( INDX/2+3~JOE /2

NP1leNP+1

CALL SUPO(NP,NSP1,JOE,WIDTH,RI,DT, INDX)
sTOP

END

SUBROUTINE READ( SPEED,DTL,WIDTH,RI, RO,DT, INDX)
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PURPOSE; TO READ THE INITIAL CONDITIONS FROM TAPE1O AND PRINT
THEM ON TAPE1S

00330
00340
00350

COMMON CI(5,6)

DIMENSION ROW(20)

REWIND 10

REWIND 15

READ(10,100) DTL,WIDTH,RI,RO,DT, INDX

100 FORMAT(///24X,P5.2/16X,P4.2//////14X,P4.2/14X,P4.2//

+27X,P6.4/22X,13)
READ(10,101)(CI(I,2),I=1,5),(CI(I,5),I=1,8),(CI(I,5),1I=1,8),
+ (CI(1,6),I=-1,%),(C1(1,2),I=1,5),(CI(1,4),I=1,8)

101 PORMAT(///////7K,P7.4,4(10X,P7.4)/7X,F7.4,4(10X,P7.4)//

+7X,P7.4,4(10X,F7.4)/7X,P7.4,4(10X,FP7.4)//7X,P7.4,4(10X,P?.4)/
+7X,F7.4,4(10X,F7.4))
DP=SPEED-2.0*DT/DTL
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IF(DP.GT.1.0E-5) WRITE(1S,500) 00800
S00 PORMAT(//* DATA IN TAPELO IS NOT SUITABLE TO TEIS PROBLEM*//) 00810 :
CALL DATE(NDATE) 0os2L .
WRITE(15,200) NDATE, SPEED, WIDTH 00830
200 PORMAT(A12/* TRANSIENT RESPONSE OF INPINITELY LONG TUBE SUBJECT* 00540
+* 7O IMPULSIVE TRAVELLING LOAD (CASE 4)*// 00850
+* SPEED OF TRAVELLING LOAD =*,Fs.2/* WIDTH OF LOAD =*,P4.2) 00560
REWIND 10 00570
READ(10,103) : 00580
103 PORMAT(////) 00890
DO 1 I=1,26 00600
READ( 10, 104 )( ROW(J ), J=1,20) 00610
1 WRITE(15,104)(ROW(J),J=1,20) 00620
104 PORMAT( 20A4) 00630
RETURN 00640
END 00630 1
c 00660 .
SUBROUTINE SUPO(NP,NSP1,JOE,WIDTH,RI,DT, INDX) 00670
c 00680
c PURPOSE; TO FIX THE SCHEME OF SUPERPOSITION 00690
c 00700 ut
COMMON CI(5,6),T(600,8,5) 00710 )
DIMENSION ROW(20) 00720 ;
NSPeNSP1-1 00730 i.
NP1l=NP+1 00740
NP2=NP+2 00750 i
NWIDTH=WIDTH/DT 00760 !
DO 1000 I=3, INDX,2 00770 b
NT=( FLOAT( I )-1.999 )/FLOAT( NSP) 00780
NI=(I-NSP*NT)/2 00790 P
NSM=( NSP1+1)/2 00800 L
DO 10 L=1,8 00810
READ( 10,100 ){ ROW(J), J=1,20) 00820
10 WRITE(15,100)(ROW(J),J=1,20) 00830
100 PORMAT( 20A4) 00840 *
NWH=NWIDTH/2 00850 .
IF(JOE.LE.1)LCI=NP1*( 2*( I-1)+3+NWIDTH) 00860 i
IF(JOE.EQ.2 )LCI=( NP1+NP2 )*( 2*( I~1 )+2+NWIDTH )/2+NP2 00870 i.
LC=LCI-( 2%( I-1 )+3+NWIDTH) 00880
CALL RED(I,NI,ICI,LC,NSP1l,NSM) 00890 s
IP(I.LT.NSP1) GO TO 1000 00900 i;
IP(I.GT.NSP1) GO TO 14 00910 *
CALL INT(RI,DT,NI,NSP1,LC,WIDTH) 00920 .
GO TO 1000 00930 i
14 IFP(JOE.LE.l)LCB=LC-2*NP*NSP 00940 ’
IF(JOE.EQ. 2 )LCB=LC~( NP+NP1 ) *NSP 00950 3
DO 23 Ji=1,1CB 00960 ™~ 94
23 T(J1,1,NI)=T(J1,1,NI)+2.0*DT . 00970 L g
DO 24 JA=1,1C 00900 *
DO 24 JB=1,LCB 00990 .
IP(T(JB,1,NI).NE.T(JA, 1, NSH) . OR.T(JB,2,NI ). NE.T(.TA, 2, N8M) ) 01000 ‘
+G0 TO 24 ' 01010 :
[!
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DO 25 L=3,8 03020
25 T(JA,L,NSM)=T(JA,L,NSN)+T(JB,L,NI) 01030
24 CONTINUE 01040
WRITE(1S,200) 01080
DO 26 JD=1,1C 01060
DO 27 L=1,8 01070
27 T(JD,L,NI)=T(JD,L,NSM) 01080
WRITE( 15,101 )(T(JD,M,NI), M=1,8) 01090
101 PORMAT(SF9.4) 01100
IP(JD.EQ.LC) GO TO 26 01110
IP(T(JID,1,NSM).NE,.T(JD+1,1,NSM)) WRITE(1S,200) 01120
200 FPORMAT( ) 01130
26 CONTINUE 01140
IF(I.EQ.INDX-1) WRITE(1S,201) 01150
201 PORMAT(72(1H-)) 01160
1000 CONTINUE 01170
RETURN o1180
END 01190
c 01200
SUBROUTINE RED(I,NI,LCI,LC,NSP1,NSM) 01210
c —01220
c PURPOSE; TO READ DATA FROM TAPELO 01230
c . —01240
COMMON CI(5,6),T(600,8,5) 01250
DIMENSION TT(8) 01260
Kl=1 01270
13 READ(10,101}(TT(J),J=1,8) 01280
101 PORMAT(8F9.4) 01290
IP(TT(2).EQ.0.0) Kl=KR1-1 01300
IF(TT(2).EQ.0.0) GO TO 11 01310
DO 12 L=1,8 01320
IP(I.LE.NSP1) T(X1,L,NI)=TT(L) 01330
12 IP(I.GT.NSP1) T(K1,L,NSM)=TT(L) 01340
11 K1=K1l+1 01350
1CI=LCI-1 01360
IP(I.LT.NSP1.AND.TT(2).NE.O.0) WRITE(1S,101)(TT(J),J=1,8) 01370
IP({I.LT.NSP1.AND.TT(2).EQ.0.0) WRITE(15,200) 01380
200 FORMAT( ) 01390
IP(1CI.GT.0) GO TO 13 01400
RETURN 01410
END 01420
c 01430
SUBROUTINE INT(RI,DT,NI,NSPl,LC,WIDTH) 01440
c 01450
c PURPOSE; TO SUPERPOSE THE INITIAL CONDITIONS 01460
c -01470
COMMON CI(S5,6),T(600,8,5) 01480
WLAWIDTH/2.0+2.0*DT 01490
WU=-WIDTH/2.0+2,0*DT 01500
DO 10 Ji=1,LC 01510

0 01520
1 013830

IP(T(J1,2,NI).NE.RT) GO TO 1
IP(T(J1,1,NI).GE.WU) ™ 1
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DO 12 1~3,8
T(J1,L,NI)=T(J1,L,NI)+CI(1,L~2)
GO TO 10

IP(T(J1,1,N1).GT.WU) GO TO 13
DO 14 L=3,8
T(J1,L,NL)=T(J1,L,NI)+CI(2,L-2)
GO TO 10

IP(T(J1,1,N1).GE.WL) GO TO 15
DO 16 L=3,8
T(J1,L,NI)=T(J1,L,NI)+CI(3,L~2)
GO TO 10

IP(T(J1,1,NI).GT.NL) GO TO 17
DO 18 L=3,8
T(J1,L,NI)=T(J1,L,NI)+CI(4,L~2)
GO TO 10

DO 19 L=3,8
T(J1,L,NX)=T(J1,L,NI)+CI(S,L-2)
CONTINUE

WRITE(15,200)

DO 20 Jl=1,LC
WRITE(15,101)(T(J1,J,NI),J=1,8)
FORMAT( 8F9.4)

IF(J1.2Q.1C) GO TO 20
IP(T(J1,1,NI).NE.T(J1+1,1,NI)) WRITE(1S5,200)
CONTINUE

PORMAT( )

RETURN
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PROGRAM RECTINP(OUTPUT, TAPES, TAPEG )

CASE 2 : TRANSIENT RESPONSE OF AN INFPINITELY LONG TUBE SUBJECTED
TO A RECTANGULAR INPUT LOAD. THE DATA OF CASE 2

IS RETRIEVED FROM TAPES FOR SUPERPOSITION.

COMMON CI(3,6),T(600,8,5)

INPUT DATA

NTS = NUMBER OF TIME STEPS WHEN THE CONSTANT LOAD IS REMOVED
DURATION OF LOADING IS GIVEN BY DTL=2*DT*NTS

(WHERE DT IS STEP SIZE OF INTEGRATION)

IN CASE 4 SPEED OF TRAVELLING LOAD IS GIVEN BY SPEED=1/NTS
DATA NTS/2/

NS=2*NTS-1

CALL READ(NS,RI,RO,DT, INDX) .
INDX1=INDX/2+1 .
NSP1=NS+2

IND=INDX1-1

LN=IND+1

IP(MOD(IND,2).EQ.0) JOE=2

IP(MOD( IND,2).EQ.1) JOE=1

NP=( INDX/2+3-JOE )/2

NP1=NP+1

CALL SUPO(NP,NSP1,JOE,RI,DT, INDX, LN,NTS)
sSTOP

END

SUBROUTINE READ({NS,RI,RO,DT, INDX)

00010
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00100
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00300
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PURPOSE; TO READ THE INITIAL CONDITIONS FROM TAPES AND PRINT
THEM ON TAPEG

-00350
00360
00370

COMMON CI(3,6)
DIMENSION ROW(20)

REWIND S

REWIND 6

READ( S, 100 )RI, RO, DT, INDX

100 PORMAY(//////////14KX,P4.2/14X,P4.2//27X,P6.4/22X,.13)

READ(S5,101)(CI(I1,2),I=1,3),(CX(I,%),1I=1,3),(CI(1,3),I=1,3),
+ (C1(1,6),I=1,3),(C1(1,1),I=1,3),(CX(I,4),1I=1,3)

101 PORMAT(///////3(7X,P7.4,12X)/3(7X,P7.4,12X)//

+3(7X,F7.4,12X)/3(7X,F7.4,12X)//3(7X,F7.4,12X)/3(7X,P?7.4,12X))
DTL=DT*(NS+1)

00380
00390
00400
00410
00420
00430
00440
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CALL DATE(NDATE) 00800

WRITE(6,200) NDATE,DTL 00810

200 FORMAT(Al2/* TRANSIENT RESPONSE OF INPINITELY LONG TUBE SUBJECT* 00320
+* TO RECTANGULAR INPUT LOAD (CASE 2)*// 00830

+* DURATION TIME OF LOAD =+,PS.2/ 00840

+* WIDTH OF LOAD = SEMI-INFINITE*) 00850
REWIND 5 00880
NEAD(S,103) 00870

103 PORMAT(////) 003580
DO 1 I=1,26 00590
READ( S, 104)(ROW(J),J=1,20) 00600

1 WRITE(6,104)(ROW(J),J=1,20) 00610
104 FORMAT( 20A4) 00620
RETURN 00630

END 00640

C 006350
SUBROUTINE SUPO(NP,NSP1,JOE,RI,DT, INDX, LM, NTS) 00660

C -00670
c PURPOSE; TO PIX THE SCHEME OF SUPERPOSITION 00600
C 00690
COMMON CI(3,6),T(600,8,5) 00700
DIMENSION ROW(20),TEM(600,8) 00710
NSP=NSP1-1 00720
NP1=NP+1 00730
NP2=NP+2 00740

DO 1000 I=3,INDX,2 00780
NT=( PLOAT( I)-1.999)/PLOAT(NSP) 00760
MI=(I-NSP*NT)/2 00770
NSM=(NSP1+1)/2 00780

DO 10 1I=1,8 00790
READ( S, 100 )(ROW(J),J=1,20) 00800

10 WRITE(6,100)(ROW(J),J=1,20) ‘ 00810
100 PORMAT( 20A4) 00820
IFP(JOR.LE.1)LCI=NPL*(2*(I-1)+5) 00830
IP(JOE.EQ.2 )LCI=( NP1+NP2)*(2*(I-1)+4)/2+NP2 00840
LC=LCI-(2%(I-1)+5) 00850
CALL RED(I,NI,1CI,1C,NSPl1,NSM,1N,DT,NTS) 00860
IF(I.LT.NSP1) GO TO 1000 00870
IP(I.GT.NSPl) GO TO 14 00880
CALL INT(RI,DT,6 NI, NSP1,LC,NSM) 00890

GO TO 1000 00900

14 IF(JOE.LE.]1)ICB=IC-2*NP*NSP 00910
IF(JOE.EQ.2 )LCB=LC~( NP+NP1 ) *NSP 00%20

DO 23 L1=1,IC 00930

DO 23 L=-1,8 00940

23 TEM(L1,L)=T(L1l,L,NSK) 00930
LCB=LCB+NTS*LN 00960

DO 24 JA=1,IC . 00970

DO 24 JB=-1,1CB 00980
IF(T(JB,1,RI).NE.T(JA,1,NSX).OR.T(JB,2,NI ). XE.T(JA, 2,K8))) 0099%0

+G0 TO 24 01000

DO 25 JC=3,9 01010
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25 T(JA,JC,NSH)=T(JA,IC, NSH)~T(JB,IC,NI ) 01020
24 CONTINUE 01030
WRITE(6,200) 03040

DO 26 JDwl,IC 01080

DO 27 L=1,8 01060

27 T(JD,L,NI)~TEW(JID,L) 01070
IP(JD.LE.IC-LN) GO TO 28 01090

DO 29 Me=1,NTS 01090

T( JDHMTIN, 1, NI }»TEN( ID, 1 )+2"H*DT 01100

DO 29 lm=2,8 01110

29 T(JD+M*LN,L,NI )=TEM(JD,L) 01120

28 WRITE(S,101)(T(JD,M, NSK), H=1,8) 01130
101 PORMAT(8r9.4) 01140
IF(JD.EQ.IC) GO TO 26 01150
IP(T(JD,1,NSM).NE.T(JD+1,1,NSH)) WRITE(6,200) 01160

200 PORMAT( ) 01170
26 CONTINUE 01180
IP(I.EQ.INDX~-1) WRITE(6,201) 01190

201 PORMAT(72( 18-)) 01200
1000 CONTINUE 01210
RETURN 01220

END 01230

c 01240
SUBROUTINE RED(I,NI,LCI,LC,NSP1,NSM,LN,DT,NTS) 01250

¢ 01260
c PURPOSE; TO READ DATA FROM TAPE 5 01270
c 01280
COMMON CI(3,6),T(600,9,5) 01290
DIMENSION TT(8) 01300

K=l 01310

13 READ(S,101)(TT(J),J=1,8) 01320
101 PORMAT(8F9.4) 01330
IF(TT(2).2Q.0.0) Kl=K1-1 01340
IP(TT(2).£Q.0.0) GO TO 11 01350

DO 12 Lm=1,8 01360
IP(Z.LE.NSP1) T(K1,L,NI)=TT(L) 01370

12 IP(I.GT.NSP1) T(K1,L,NSM)~TT(L) 01380
IF(X1.LE.LC-IN) GO TO 11 01390

DO 14 M=1,NTS 01400
T(RI+M*LN, 1, NI }=TT( 1 }+M*2*DT 01410

DO 14 Le2,8 01420

14 T(K1+M*LN,L,NI)~TT(L) 01430

11 KleKl+l 01440
1CI-1CI~1 01480
IP(X.LT.NSP1.AND.TT(2).NE.0.0) WRITE(E,101)(TT(J),J=1,8) 01460
IP(I.LT.NSP1.AND.TT(2).2Q.0.0) WRITE(6,200) 01470

200 PORMAT( ) 01480
1S IP(LCI.GT.0) GO 70 13 01490
RETURN 01300

Bno 01820

c 01820
SUBROUTINE INT(RI,DT,NI,NSP1,LC,NSM) 01830

¢
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c ~01840 P
c PUNPOSE; TO SUPERPOSE THE INITIAL COMDITIONS ‘ 01830 !
c -01560
COMMON CI(3,6),7(600,8,5) 01870 _
DO 10 Jis=l,IC . : 01880 l
DO 17 L=1,0 01590
17 ™(J1,L,RSM)=T(J1,L,NI) 01600
IP(T(J1,2,NI).NE.RI) GO TO 10 01610
IP(T(J1,1,MI).GE.0.) GO TO 11 01620
DO 12 1=3,8 01630
12 T(J1,L,NSM)=T(J1,L,NI)-CI(1,1~2) 01640
GO TO 10 : 01680
11 IP(7(J1,1,NI).GT.0.) GO TO 13 01660 ;
DO 14 L=3,8 01670
14 T(J1,L,KSM)=T(J1,L,NI)-CI(2,1-2) 01680 P
G0 10 10 . 01690 |
13 DO 16 L=3,8 . 01700 ’
16 T(J1,L,NSM)*T(J1,L,NI)~CI(3,L-2) 01710
10 CONTINUE 01720
] WRITE(6,200) 01730 1.
DO 20 Jl=1,1C 01740
WRITE(6,101)(T(J1,J,NSM),J=1,8) 01730 ;
101 PORMAT(6F9.4) 01760 H
IP(J1.EQ.LC) GO PO 20 : 01770 *
IP(T(J1,1,NSM).NE.T(J1+1,1,MSM)) WRITE(6,200) 01780
20 CONTINUE 01790 i
200 PORMAT( ) 01800 8
RETURN 01610
IND 01820 ;
END !
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PROGRAM PLOTALL( OUTPUT, TAPEL, TAPE3, TAPES, TAPE?7, TAPELO, TAPEL2, 00010

+ TAPELS, TAPEL7, TAPE20) ) 00020
c'.""l'.""""I""""I'."'"l’.""I"*"".""..l‘."*'."""""’w»
c 00040
c PURPOSE; TO PLOT THE VARIABLES AT SELECTED POINTS ACCORDING TO 00050
c TIME ON THE CALCOMP PLOTTER AND TO PRINT THE VARIABLES 00060
c AT THOSE POINTS ACCORDING TO TIME ON TAPE NTO 00070
Cc 00080
c THE DATA OF THIS PROGRAM IS RETRIEVED PFROM TAPE NTI 00090
[ 00100
C""'.""'lf"i"""""l"t*!"l"I'*l’****'**'*""f"""**"".""muo
DIMENSION Z(6),R(6),T(6,6,35),XA(35),YA(3S) 00120

c 00130
c INPUT DATA 00140
c SET NCASE=) IF NUMBER OF CASE IS 1 00150
< NCASE=2 POR CASE2 00160
c NCASE=3 POR CASE3 00170
(] NCASE=4 FOR CASE4 00180
(] 00190
c SET NOPTION=1 IF ONLY PLOTTING IS NEEDED 00200
c NOPTION=2 IF ONLY PRINTING IS NEEDED 00210
C NOPTION=3 IF BOTH OF PLOTTING AND PRINTING ARE 00220
c 00230
c 00240
Cc SET NLOAD=1 IF DURATION OF LOAD IS PERMANENT 00250
c NLOAD=2 IF DURATION OF LOAD IS FINITE 00260
c 00270
c Z(K) STANDS POR Z~COORDINATE OF THE SELECTED POINTS 00280
C R(K) STANDS FOR R-COORDINATE OF THE SELECTED POINTS 00290
c K; THE MAXIMUM NUMBER OF THE POINTS IS 6 00300
c 00310
DATA NCASE,NOPTION,NLOAD/2,3,2/ 00320

DATA (2(X),K=1,6)/0.00,0.00,0.00,0.08,0.08,0.08/ 00330

DATA (R(K),X=1,6)/1.02,1.14,1.30,1.02,1.14,1.30/ 00340

c 00350
IP(NCASE.EQ.1) NTI=l 00360
IP(NCASE.EQ.1) NTO=3 00370
IP(NCASE.EQ.2) NTI=S 00380
IP(NCASE.EQ.2) NTO=?7 00390
IP(NCASE.EQ.3) NTI=10 00400
IF(NCASE.E2Q.3) NTO=12 00410
IP(NCASE.EQ.4) NTI=1S 00420
IF(NCASE.EQ.4) NTO=17 00430
REWIND NTI 00440
IF(NCASE.NE.4) GO T0 1 00450

READ( 15,100) DTL,WIDTH 00460

100 PORMAT(///27X,P4.2/16X,P4.2) 00470
0 T 2 00480

1

IP(NCASE.NE.2) GO TO 3

00490
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IP(NLOAD.EQ.L) READ(S5,101) 00800

101 PORMAT(////) 00810

IP(NLOAD.EQ.2) READ(S,102) DTL 00820

102 PORMAT(///25X,P4.2/) 00830

GO TO 2 00840

3 IP(NCASE.NE.3) GO T0 4 00850

IP(NLOAD.EQ.1) READ(10,103) WIDTR 003680

103 FORMAT(////16X,F4.2) 003870

IP(WLOAD.EQ.2) READ(10,104) DTL,WIDTH 00880

104 PORMAT(///25X,P4.2/16X,P4.2) 00590

4 IF(NCASE.EQ.1) READ(1,101) 00800

2 READ(NTI,103) RI,NO,DT, INDX 00610

105 PORMAT(/////14X,F4.2/14X,P4.2//27X,P6.2/22X,13) 00620

INDX1=INDX/2+1 00630

INDX2=INDX1+1 00640

IND=INDX1-1 00650

IP(MOD( IND,2).EQ.0) JOE=2 00660

IP(MOD(IND,2).EQ.1) JOE=1 00670

CALL READ( DT, INDX, INDX), IND, JOE,WIDTH,Z,R,T, XA, 00680

+ NCASE, NTI,NTO) 00690

IP(NOPTION.NE.1) CALL WRIT(NLOAD,DTL,WIDTH,INDX1,IND,Z,R,T.XA, 00700

+ NCASE, NTI,NTO) 00710

( IP(NOPTION.NE.2) CALL SBPL{NLOAD,DTL,WIDTE,DT, INDX), IND, INDX2, 00720
+ Z,R,T,XA, YA, NCASE, NTI,NTO) 00730
; STOP 00740
END 00750

c 00760

SUBROUTINE READ( DT, INDX, INDXL, IND,JOE,NIDTR,2,R,T.XR, 00770

+ NCASE, NTI,NTO) 00780

; c -00790
: c PURPOSE; TO READ DATA FROM TAPELO 00800
c 00810
! DIMENSION Z(6),R(6),T(6,6,IND),XA{IND),TT(8),CI(S,6) 00820
' c 00830
c READ INTIAL CONDITIONS 00840

c 00850

IP(NCASE.GT.1) GO TO 20 ' 00860
READ(1,100)(CI(K,2),K=2,3),(CI(K,5),K=2,3),(CI(K,3),K=2,3), 00870

+ (CI(K,6),K=2,3),(CI(K,1),K=2,3),(CI(K,4),K=2,3) 00880

100 PORMAY(///////777%, P7.4,39X,P7.4/7X,P7.4,39X,P77.4//7X, 00890

+ P7.4,39X,P7.4/7X,77.4,39X,77.4//7X,77 .4,39X,77.8/ 00900

+ 7X,P7.4,39X,P7.4/) 00910

GO TO 21 00920

20 IF(NCASE.GT.2) GO TO 22 00930

READ( 3,101 )(CI(K,2),K=1,3),(CI(K,5),K=1,3),(CI(K,3),K=1,3), 00940

+ (CI(K,6),K=1,3),(CI(X,1),K=1,3),(CI(K,¢),K=2,3) 00950

101 PORMAT(///////TX,P7.4,2(19K,P7.4)/7X,P7.4,2(19%,P7.4)//7X,F7.4, 0090

+ 2(19%,P7.4)/7X,P7.4,2(19X,P7.4)//7X,P7.4,2(19X,P7.4)/7X, 00970

+ P7.4,2(19X,77.4)/) 00980

i GO T0 21 00990
f 22 READ(NTI,102)(CI(K,2),K=1,5),(CI(K,5),K=1,5),(CI(K,3),R=1,8), 01000
: + (CI(K,6),K=1,5),(CI(K,1),K=1,8),(CI(K,4),K=1,8) 01010

==
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24

27

102 PORMAT( /////// 7%, F1.4,4(10X,P7.4)/7X,F7 .4, 4(10X,F7.4)//
+7X,77.4,4(10X,P7.4)/7X,P7.4, 4( 10X, P7.4)//7X,F7 .4, 4( 10X, F7 . 4)/
+7X,P7.4,4(10X,77.4)/)

DO 1 K=1,6
IP(R(K).NE.1.0) GO TO 1
WL=W1DTH/2.0

WO=—WL

IP(NCASE.LE.2) WU=0.0
IF(Z(K).GE.WU) GO TO 2
DO 3 1m=1,6
™K,L,1)=CI(1,L)

GO TO 1

IP(2(X).GT.WU) GO TO 4
DO 5 I=1,6
T(K,L,1)=CI(2,L)

GO TO )

IP(NCASE.LE.2) GO TO 23
IF(Z(K).GE.WL) GO TO 6
DO 7 I=-1,6
™X,L,1)=CI(3,L)

GO T0 1

IP(Z(K).GT.WL) GO TO ®
DO 9 L=1,6
T(K,L,1)=CI(4,L)

GO 10 1

DO 10 L=1,6
™K,L,1)=CI(5,L)
CONTINUE
NWIDTA=WIDTH/DT

NP=( INDX1+2-JOE )/2
NRP1=iP+1

NP2=NP+2

DO 11 I=2, INDX
IP(NCASE.ZQ.1) GO TO 40

IP(MOD(1,2).EQ.0) GO TO 11

IP(NCASE.GT.1) GO TO 24

IP(JOE.EQ.1) LCI=NP1*(I+2)

RM=(I~-2)*0.5+2.0

IN=RM

DM=RM-~IM
IF(DM.EQ.0.0.A.JOE.EQ.2)

GO TO 28
IP(NCASE.GT.2) GO T0 26

IF(JOE.EQ.1) LCI=NP1*(3+2*I)
IP(JOE.EQ.2) ICI=({NPL+NP2)*(I+1l)+NP2

GO T0 28

IP(NCASE.NE.3) GO TO 27 °
IF(JOE.EQ.1) ICI=NP1*(2*(I-1 )+3+MUII)
IP(JOR.EQ.2) ICI=(NPL+NP2)*(2*(I-1 )+2+m )/ 24MPL

GO TO 28

IP(JOE.EQ.1) LCI=NP1*(2*(I-1)+3+NWIDTH)

ICI=({ NP1+NP2 ) *IN
IP(DM.GT.0.0.A.JOE.EQ.2) ICI=(NP1+NP2)*IN+NP2

13¢
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IP(JOE.EQ.2) LCI=(NP1+NP2Z)*(2%(I-1)+2+NWIDTH)/2+MP1 01540 =
(o 018850
c READ STRESSES AT SPECIFIED POINTS 01860
c 01870 .
25 READ(NTI,103) 01880
103 FONMAT(///////) 015%0 !
12 READ(NTI,104)(TT(J),J=1,8) 01600 i
104 PORMAT(8P9.4) 01610 ;
IB=I/2+1 01620 {
DO 13 K=1,6 01630 :
IP(Z(K).NE.TT(1).OR.R(K).NE.TT(2)) GO TO 13 01640 i
XA( IH )=DT*(I-1) 01680 ?
DO 14 L=3,8 01660 ,;
14 T(K,L-2,IB)=TN(L) 01670
13 CONTINUE 01680
LCIWLCI-1 01690
IP(LCI.GT.0) GO TO 12 01700 ,
11 CONTINUE 01710 -
RETURN 01720
END 01730
Cc 01740 5.
SUBROUTINE WRIT(NLOAD,DTL,WIDTH, INDX1,IND,Z,R,T,XA, NCASE, NTT,NTO) 01780
c 01760 ..
c PURPOSE; TO PRINT THE VARIABLES AT THE SPECIFIED POINTS 01770 i
c ACCORDING TO TIME 01780 L.
c —01790
DIMENSION 2Z(6),R(6),T(6,6,IND),XA(IND) 01000 E
REWIND NTO 01820 1
IP(NCASE.GT.1) GO TO 10 01820
WRITE(3,200) NCASE 01830 ;
200 PORMAT( SX, *CASE*, I2/5X, *DURATION TIME OF LOAD = PERMANENT*/SX, 01840 !
+ *WIDTH OF LOAD = SEMI~INPINITE®) 01830 i
GO TO 11 01860
10 IP(NCASE.GT.2) GO TO 12 01870 L
IP(NLOAD.EQ.1) WRITE(7,200) NCASE 01880 i
IP(NLOAD.EQ.2) WRITE(7,201) NCASE,DTL 01890
201 FORMAT( SX, *CASE*,I2/5X, *DURATION TIME OF LOAD = *,P6,3/SX, 01900
o+ *WIDTE OF LOAD = SENI-INFINITE*) 01910 e
GO TO 11 01920 L
12 IP(NCASE.NE.3) GO TO 13 01930
IP(NLOAD.EQ.1) WRITE(12,202) NCASE,WIDTE 01940 P
202 FORMAT( 5X, *CASE*, I2/5X, *DURATION TIME OF LOAD = rmmmf/sx, 01950 -
+ *WIDTH OF LOAD =*,P6.3) 01960
IP(NLOAD.EQ.2) WRITE(12,203) NCASE,DTL,WIDTH 01970 .
203 PORMAT( SX, *CASE*,I2/5X, *DURATION TIME OF LOAD =*,P6.3/SX, 01980 e
+ *WIDTH OF LOAD =*,P6,.3) 019%0 :
GO TO 11 02000
13 WRITE(17,204) NCASE,DTL,WIDTH 02010
204 PORMAT( 5X, *CASE*,12/5X, *SPEED OF TRAVELLING LOAD =+, P6¢.3/SX, 02020
+ *WIDTR OF LOAD =+,P6.3) 02030
11 DO 1 K=1,6 02040 .
WRITE(NTO,205) R(K),Z(K) 02080 l;




208 PORMAT(/////* THE POINT R=*,P6.3,* Z=v,P7.3/32(18~)//3X, *TOW* 02060
+,8X, *SIRR*, 5X, *SITT*, 8X, *SIZZ*, 53X, *SIRZ", 6X, *UR*, 7X, *UZ*/63(18~)) 02070

DO 2 I=1,IND 02080
2 WRITRE(WTO,208) XA(I),(T(K.J,1),J=1,8) 02090

306 PORMAT(7P9.4) 02100

1 COwrINue 02110
RETURN 02120

0 02130

c 02140
SUBROUTINE SBPL{ NLOAD,DTL,WIDTE,DT, INDX1, IND, INDX2,Z,R, T, XA, YA, 02130

+ NCASE, NTI,NTO) 02160

c 02170
c PURPOSE; TO PLOT THE VARIABLES AT THE SELECTED POINTS 02180
c ACCORDING TO TIME 02190
c -02200
DIMENSION Z(6),R(6),T(6,6,IND),XA( INDX2), YA( INDX2) 02210

CALL PLOTS(20) 02220

CALL OPTION(2) 02230

DO 1 KX=1,6 02240
IP(X.2Q.1) CALL PLOT(0.5,1.5,-3) 02250
IP(K.GT.1) CALL PLOT(15.5,0.0,-3) 02260

CALL PFACTOR(0.55) 02270

YA( INDX1 )=—3 .0 02280

YA( INDX2 )=0.% 02290

XA( INDX1 }=0.0 02300

XA( INDX2 )=DT*PLOAT( IND )/S.0 02310

c 02320
c DRAM X,Y-AXIS 02330
[ 02340
CALL AXIS(0.,0.,9HTIME-AXIS,-9,10.0,0.,XA( INDX1),XA( INDX2)) 02350

CALL AXIS(0.,0.,13EVARIABLE-AXIS,13,11.0,90.,YA{ INDX1),YA(INDX2)) 02360

DO 2 I=1,6 02370

DO 3 J=1,IND 02300

3 YA(J)*1(K,I,T) ' 02390
Yl=12-1%0.5 02400

c 02410
c PLOT STRESSES 02420
[ 02430
IP(I.LE.2) CALL MEWPEN(3) 02440
IP(I.GT.2.AND.I.LT.S5) CALL MEWPEN(4) 02430
IP(I.GE.S) CALL NIWPEN(2) 02460

CALL LINE(XA,YA,IMND,1,1,X) 02470

CALL SYMBOL(S$.78,Y1,.21,1,0.,-1) 02480
IP(I.EQ.1) CALL SYMBOL( 999.,999.,.21,SE~SIXR,0.,5) 02490
IP(1.2Q.2) CALL SYMBOL(999.,999.,.21,58~SI7T,0.,5) 02800
IP(1.2Q.3) CALL SYMBOL(999.,999.,.21,58-8122,0.,3) 02310
IP(1.2Q.4) CALL SYMBOL(999.,999.,.21,58-SIRZ,0.,8) 02820

g IP(I.EQ.3) CALL SYMBOL(999.,999.,.21,38~UR,0.,3) 02830
IP(I.2Q.6) CALL SYMBOL(999.,999.,.21,38~UZ,0.,3) 02840

2 CONTINUE 02880
PCASE=NCASE 02860

CALL MEWPEN(1) 02870
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CASE 1
DURATION TIME OF LOAD = PERMANENT
WIDTE OF LOAD =~ SEMI-INPINITE

THE POINT R= 1.000 Z= 0.000

TOW SIRR SITT 8122 SIRZ UR Uz

0.0000 1.0000 .1765 0.0000 0.0000 -1,0000 .1765
0400 1.0000 1391 0.0000 0.0000 ~-.9707 .1695
.0800 1.0000 .1029 0.0000 0.0000 -.9417 .1634 i
.1200 1.0000 0678 0.0000 0.0000 -.9130 .1574
.1600 1.0000 .0337 0.0000 0.0000 -.8847 .1516
.2000 1.0000 .0008 0.0000 0.0000 ~.8568 .1460
.2400 1.0000 -.0312 0.0000 0.0000 -.8293 .1405
.2800 1.0000 -.0621 0.0000 0.0000 -.8021 .1383
.3200 1.0000 ~.0920 0.0000 0.0000 ~.7755 .1302
.3600 1.0000 -.1208 0.0000 0.0000 -.7492 .1252
. 4000 1.0000 -.1487 0.0000 0.0000 -.7235 .1208
. 4400 1.0000 -.1757 0.0000 0.0000 -.6982 .1159
. 4800 1.0000 -.2017 0.0000 0.0000 -.6734 .1115
.5200 1.0000 -.2267 0.0000 0.0000 -~.6491 .1072
.5600 1.0000 -.2508 0.0000 0.0000 ~-.6253 .1031

THE POINT R= 1.120 Z= 0.000

TOW SIRR SITT S1zz SIRZ UR uz

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
. 0400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.0800 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.1200 .8640 .1560 0.0000 0.0000 -.8840 .1667
.1600 .8798 .1259 0.0000 0.0000 -.8567 1597
.2000 .8756 .0968 0.0000 0.0000 -.8298 1534
2400 .8715 .0685 0.0000 0.0000 ~-.8032 1474
. 2800 .8674 0412 0.0000 0.0000 -.7771 1418
. 3200 .8634 .0148 0.0000 0.0000 ~.7514 .1364
.3600 .8594 -.0108 0.0000 0.0000 -.7261 - .1313
. 4000 .8556 -.0355 0.0000 0.90000 -.7012 .1264 ;
. 4400 .8517 -.0594 0.0000 0.0000 -.6769 .1218
. 4800 -.0360 -.2385 0.0000 0.0000 ~1.5369 ~.0494
.5200 ~.0349 -.2902 0.0000 0.0000 -1.5319 -.0247 o
.5600 ~.0246 -.3402 0.0000 0.0000 ~-1.5181 -.0665
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THE POINT R= 1.300 Z= .020

TOW SIRR SITT SIZ2Z SIRZ UR vz

0.0000 0.0000 0.0000 0.000C 0.0000 0.0Q00 0.0000
.0400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.0800 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.1200 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.1600 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.2000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

s .2400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.2800 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

.3200 0.0000 -.0299 .0038 0.0000 ~-1.4927 -.0088
.3600 0.0000 -.0743 -.0038 0.0000 -1.4704 -.0088
. 4000 0.0000 -.1179 -.0110 0.0000 -1.4529 -.0236
. 4400 0.0000 -.1588 -.0028 0.0000 ~-1.4373 -.0373
.4800 0.0000 -.2006 -.0040 0.0000 -1.4225 -.0439
.5200 0.0000 -.2419 -.0041 0.0000 ~-1.4085 ~-.0518
.5600 0.0000 -.2828 -.0041 0.0000 -1.3951 -.0597

THE POINT R= 1.000 2Z= .080

TOW SIRR SITT S1z2 SIRZ UR 0z
0.0000 1.0000 1765 .1765 0.0000 -1.0000 0.0000
.0400 1.0000 .1382 .1707 0.0000 -.9768 0.0000
.0800 1.0000 0797 .0261 0.0000 ~-.9633 .1383
.1200 1.0000 0442 Q268 0.0000 -.9200 .1316
.1600 1.0000 .0101 .0271 0.0000 -.8800 1254
.2000 1.0000 -.0225 .0274 0.0000 ~.8429 1194
.2400 1.0000 -.0537 0277 0.0000 ~-.8081 .1135
.2800 1.0000 ~.0836 .0280 0.0000 -.7751 .1079
.3200 1.0000 -.1124 .0283 0.0000 -.7439 .1024
.3600 1.0000 -.1399 .0287 0.000Q -.7141 .0972
. 4000 1.0000 -.1664 .0290 0.0000 -.6856 0921
. 4400 1.0000 ~.1918 .0293 0.0000 -.65682 .0872
. 4800 1.0000 -.2162 .0296 0.0000 -.6319 .0824
.5200 1.0000 -.2396 .0299 0.0000 -.6066 .0779
.5600 1.0000 -.2621 .0302 0.0000 -.5822 .0738
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THE POINT Re= 1.120 Z= .080

TOW SIRR SITT SIZ2Z SIRZ UR Uz

0.0000 0.0000 0.0000 % .0000 0.0000 0.0000 0.0000
.0400 0.0000 Y 0000 0.0000 0.0000 0.0000 0.0000
0800 0.0000 0.0000 0.0000 0.0Q00 0.0000 0.0000
.1200 . 9449 .1667 .1667 0.0000 -.9449 ¢ .000C
.1600 .9107 .0909 .0l81 -.0096 -.8660 ,1408
.2000 .898S .0623 .0231 -.0208 -.0244 1299
. 2400 .8898 .Q338 .0237 -.0208 ~.7892 .1238
.2800 .8816 .006S% .0240 -.0192 ~.7562 1177
.3200 8746 -.0195 .0243 -.0176 -.7250 1122
.3600 .8682 =.0445 .0245 -.0163 -.695S5 .1070
. 4000 .8623 -.0684 .0247 -.0153 -.6674 .1020
. 4400 .8569 -.0913 .0248 ~.0143 -.6406 .0972
. 4800 -.0931 -.2800 ~.1417 -.0135 =1.5597 .0926
.5200 -.0492 -.3358 -.0050 -.0153 ~1.5203 -.0532
5600 -.0841 -.3709 -.0l80 -.0268 -1.5425 -.0482

THE POINT R~ 1.300 Z= .060

TOW SIRR SITT SIzz SIRZ UR Uz

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.0400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.0800 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.1200 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.1600 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.2000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.2400 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.2800 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
.3200 0.0000 -.0422 .01085 0.0000 -1.5093 -.0164
.3600 0.0000 -.2978 -~.5008 0.0000 -1.5329 4742
. 4000 0.0000 -.2694 -.0174 0.0000 -1.4902 ~.0l148
. 4400 0.0000 -.3123 -.017% 0.0000 -1.4547 -.0227
. 4800 0.0000 -.3%533 -.0107 0.0000 -1.4312 -.0374
.5200 0.0000 ~.3949 -.0120 0.0000 -1.4102 =.0442
.5600 0.0000 ~.4357 -.0120 0.0000 =-1.3921 -.0521
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